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CHAPTER I
THE WORK LEADING TO THE RECOGNITION 
OF HYPOVITAMINOSIS 0 .
( a )  The C a u s a t io n  o f  S c u r v y .
S c u rv y  i s  one o f  t h e  c l a s s i c a l  d i s e a s e s\ i
and r e c o g n i s a b l e  r e f e r e n c e s  t o  i t  a r e  made e v e n  i n  
t h e  e a r l i e s t  m e d ic a l  w r i t i n g s . Though f r a n k  s c u rv y  
was w e l l  known and c l i n i c a l l y  w e l l  r e c o g n is e d  so  lo n g ! 
ago  i t  i s  o n ly  c o m p a r a t iv e ly  r e c e n t l y  t h a t  any  u n i ­
v e r s a l  a g re e m e n t h a s  b e e n  a t t a i n e d  a s  t o  i t s  c a u s a t i o n .
The h i s t o r y  o f  s c u rv y  i s  c l o s e l y  a s s o c i a t e d  w i th  
t h e  h i s t o r i e s  o f  w a r s ,  f a m in e s ,  and  e x p e d i t i o n s  t o  f a r  
p l a c e s  and  w h en ev er n a t u r a l  fo o d  s u p p l i e s  becam e 
d i f f i c u l t  t o  p r o c u re  s c u rv y  a p p e a re d  w i th  g r e a t l y  
i n c r e a s e d  i n c i d e n c e .  B u t i t  i s  o n ly  tw o h u n d re d  |
s
y e a r s  ago  s in c e  th e  t h e r a p e u t i c  v a lu e  o f  f r e s h  f r u i t  !
| an d  v e g e t a b l e s  becam e e s t a b l i s h e d .  B a o h s tro m  i n  
1734 a s c r i b e d  a n t i - s c o r b u t i c  v i r t u e s  t o  f r e s h  f r u i t  
and  v e g e t a b l e s .  I n  s p i t e  o f  t h e  o b v io u s  t h e r a p e u t i c  
| and  p r o p h y la c t i c  v a lu e  o f  t h e s e  f o o d s t u f f s  i t  was
j
n o t  g e n e r a l l y  c o n ced ed  t h a t  th e y  w ere  d i r e c t l y  c o n -
i
n e c t e d  w i th  th e  c a u s a t i o n .
As l a t e  a s  1916 J o h n s to n e  and  Moody (1 )  re c o v e re d , 
a  d ip lo c o c c u s  fro m  s c o r b u t i c  p ig s  w h ich  when i n t r o ­
d u c e d  i n t o  n o rm a l a n im a ls  p ro d u c e d  h a e m o rrh a g io  
l e s i o n s /
l e s i o n s .  S in c e  t h e s e  a n im a l3  h a d  b e e n  f e d  on m ilk  I 
and  o a t s  w h ich  was th e n  known t o  b e  an  a d e q u a te  d i e t  
f o r  r a t s  i t  was th o u g h t  t h a t  th e  d ip lo c o c c u s  m ust b e  j 
r e l a t e d  t o  t h e  c a u s a t i o n  o f  s c u r v y .  S cu rv y  h ad  f i r s t ;  
b e e n  o b s e rv e d  i n  a n  e x p e r im e n ta l  a n im a l ( th e  g u in e a -  
p ig )  i n  1895 b y  S m ith  and  i n  1907 t h e  d i s e a s e  was 
p ro d u c e d  e x p e r im e n ta l ly  i n  t h e  same a n im a l b y  H o ls t  ! 
and  F r o l i c h .  D oubt e x i s t e d  a s  to  t h e  v a lu e  o f  t h e  
i n f e c t i o u s  t h e o r y .  T h is  d o u b t was f u r t h e r  e n c o u ra g e d  
i n  1918 by  Cohen and  M endel ( 2 ) ,  who f o l lo w in g  t h e  
w ork  u p o n  v i ta m in s  o r i g i n a t e d  by th e  d i s c o v e r i e s  o f  j 
S i r  F .G . H o p k in s  a t  C am bridge  (3 )  and  Frank i n  A m erica  
o f  t h e  a c c e s s o r y  fo o d  f a c t o r s ,  w ere  a b le  t o  p ro d u c e  
s c u rv y  i n  g u in e a - p ig s  b y  f e e d in g  them  on a  s u p e r i o r  
e x p e r im e n ta l  d i e t  d e f i c i e n t  o n ly  i n  v i ta m in  C • T h is  
w ork i n d i c a t e d  t h a t  d e f i c i e n c y  o f  th e  s p e c i f i c  -  
f a c t o r  C was r e s p o n s i b l e  f o r  th e  d ev e lo p m en t o f  s c u r v ^ .  
I n  1920 P a r s o n s  (4 )  f u r t h e r  u n d e rm in e d  t h e  fo u n d a t io n ^  
o f  t h e  i n f e c t i o u s  t h e o r y  b y  d e m o n s t r a t in g  t h a t  w h ile  
m ilk  and  o a t s  c o n s t i t u t e d  a  p r o t e c t i v e  d i e t  f o r  r a t s  
i t  was o n ly  b e c a u s e  o f  t h e  c o m p le te  im m unity  o f  t h i s  
a n im a l t o  s c u r v y .  T h is  w ork was c o n f irm e d  i n  1924 b y  
P a r s o n s  and  H u tto n  and  b y  L epkovsky  and  N e ls o n  (5 )  
and  t h e  i n f e c t i o u s  th e o r y  was d ro p p e d *
F o llo w in g  u p o n  much r e s e a r c h  w ork b y  T i l lm a n s ,  
H i r s t  and  many o t h e r s ,  Waugh and K in g  (6 )  w ere  a b le  
i n /
in 1932 to isolate the vitamin in natural form* In
I
t h e  same y e a r  S v i r b e ly  and  S z e n t-G y o rg y i  f u r n i s h e d
e v id e n c e  w h ich  seem ed t o  i n d i c a t e  t h a t  a  s u b s ta n c e
h e x u r o n ic  a c id  and  v i t a m in  C w ere  i d e n t i c a l .  The
j s t r u c t u r e  o f  h e x u r o n ic  a c id  was e s t a b l i s h e d  by  j
H a w o rth , H i r s t  and c o l l a b o r a t o r s  i n  1933 and i n  t h e
; sam e y e a r  R e i c h s t e i n  and  O p p en h au se r s y n th e s iz e d  t h e  j
v i t a m i n .  V a r io u s  nam es w ere  g iv e n  t o  th e  s u b s t a n c e ,
i n  E n g lan d  V ita m in  C , H e x u ro n ic  a c i d ,  A s c o rb ic  a c i d ,
and i n  A m e rica , V ita m in  C o r  C e v ita m ic  a c i d .
A s s o c ia te d  w i th  t h e s e  d i s c o v e r i e s  h a s  b e e n  th e  
; j
| g r a d u a l  b u t  c o n c lu s iv e  d e m o n s t r a t io n  o f  t h e  d i r e c t
! c o n n e c t io n  b e tw e e n  v i t a m in  C d e f i c i e n c y  and  th e  !
d e v e lo p m e n t o f  s c u rv y  b o th  i n  t h e  g u in e a - p ig  e x p e r i -  j
i
m e n ta l ly  and i n  t h e  human b e in g  c l i n i c a l l y .  The j
j
p r o p h y la c t i c  and c u r a t i v e  e f f e c t  o f  t h i s  v i t a m in  i n  I
i
b o th  I n f a n t i l e  and  A d u lt  s c u rv y  i s  now w e l l  s u b -  j
i
s t a n t i a t e d .  !
(b )  S u b - c l i n i c a l  S c u rv y .
F o l lo w in g  u p o n  th e  d i s o o v e r y  o f  t h e  a c c e s -  
i s o r y  fo o d  f a c t o r s  cam e, n o t  u n n a t u r a l l y ,  i n v e s t ! -  j
i
j g a t i o n s  t o  d i s c o v e r  t h e  optim um  i n d i v i d u a l  r e q u i r e -  
! m en ts  f o r  t h e s e  s u b s t a n c e s .  M c C a rriso n  (7 )  and  o th e r sI
; c a l l e d  a t t e n t i o n  t o  t h e  f a c t  t h a t  v i t a m in  u n d e r -
]
| f e e d i n g  o f  a  c h r o n ic  n a t u r e  m ig h t o c c u r  w i th o u t  b e in g
I
s e v e r e /
s e v e r e  enough  t o  p ro d u c e  th e  c l a s s i c a l  symptom s o r  
s ig n s  o f  a v i t a m in o s i s  and  so  t h e  p ro b le m  o f  th e  h y p o -  
v i t a m in o s e s  a p p e a r e d .
By c a r e f u l  p o s t-m o r te m  e x a m in a t io n  o f  532 c h i l ­
d r e n  E l l i o t t  was a b le  t o  d e m o n s tr a te  125 c a s e s  o f  
s c u rv y  m ost o f  w h ic h  h ad  b e e n  u n s u s p e c te d  d u r in g  l i f e *  
The d i a g n o s i s  r e s t e d  i n  m ost c a s e s  e x c l u s iv e ly  u p o n  
h i s t o l o g i c a l  and  r a d io g r a p h ic  e v id e n c e  and i t  was 
shown t h a t  b o th  o f  t h e s e  m eth o d s m ig h t y i e l d  d e f i n i t e  
e v id e n c e  o f  s c u rv y  o f  a  r e c o g n i s a b l e  k in d .
By t h i s  and o t h e r  w orks t h e  a t t e n t i o n  o f  r e s e a r c h  
w o rk e rs  was t h e r e f o r e  d i r e c t e d  to w a rd s  a  m ethod o f  
d i a g n o s i s  f o r  t h i s  s t a t e  o f  h y p o v i t  am inos i s  C w h ich  
gav e  r i s e  t o  no  r e c o g n i s a b l e  sym ptom s. G o th l in  (8 )  j
w o rk in g  on t h e  known h a e m o rrh a g ic  d i a t h e s i s  o f  s c u rv y  j
;
was a b le  t o  d e m o n s tr a te  a  d e c r e a s e d  c a p i l l a r y  r e s i s t - j  
a n c e  t o  p r e s s u r e  i n  c h i l d r e n  i n  v a r i o u s  s c h o o ls  i n |
N o r th  S c a n d in a v ia .  Many o f  t h e s e  c h i l d r e n  w ere  r e -
i |
! o e lv in g  d i e t s  p o o r  i n  V ita m in  C . D a l l d o r f  (9 )  i n  
A m erica  h a d  n o t i c e d  a  s i m i l a r  te n d e n c y  i n  g u in e a - p ig s  
d u r in g  t h e  e x p e r im e n ta l  p r o d u c t io n  o f  s c u rv y  i n  t h e s e  
| a n im a l s .  The c a p i l l a r y  r e s i s t a n c e  t e s t  i s  n o t  how ever 
e n t i r e l y  s a t i s f a c t o r y  a s  i t  s u f f e r s  fro m  th e  d i s -  ;
j
a d v a n ta g e  t h a t  I t  i s  n o n - s p e c i f i c  an d  t h a t  o t h e r  c o n -  | 
d i t i o n s  m o d ify  c a p i l l a r y  r e s i s t a n c e .
F o l lo w in g  th e  d i s c o v e r y  b y  T il lm a n s  (1 0 )  o f  a  
c h e m ic a l /
c h e m ic a l  m ethod f o r  t h e  q u a n t i t a t i v e  e s t i m a t i o n  o f  
v i t a m in  C o t h e r  m eth o d s o f  d e t e c t i n g  h y p o v i ta m in o s e s  
G w ere  a d v a n c e d . T h e se  n ew er l a b o r a t o r y  m e th o d s , 
e n u m e ra te d  b e lo w , w e re  fo u n d  t o  y i e l d  r e l i a b l e  r e ­
s u l t s  when a p p l i e d  t o  d e v e lo p e d  c a s e s  o f  s c u r v y .
The d i a g n o s i s  o f  h y p o v i ta m in o s e s  C t h e r e f o r e  
r e s t s  u p o n  l a b o r a t o r y  r a t h e r  th a n  c l i n i c a l  m e th o d s . 
T h e re  a r e  no  symptom s e s p e c i a l l y  s u g g e s t i v e  o f  t h i s  
s t a t e  c o m p a ra b le  t o  t h e  h e m e r a lo p ia  o f  e a r l y  v i t a m in  
A d e f i c i e n c y  e t c • I t s  d e t e c t i o n  r e q u i r e s  s p e c i a l  
m e th o d s . Few o r  n o n e  o f  t h e  e a r l y  sym ptom s o f  s c u rv y  
-  w e a k n e s s ,  f a t i g u e ,  p a l p i t a t i o n  o r  b r e a t h l e s s n e s s  -  
a r e  p r e s e n t  an d  t h e  c o n d i t i o n  o f  t h e  gums I s  u s u a l l y  
s a t i s f a c t o r y .  The d i a g n o s i s  t h e r e f o r e  r e s t s  u p o n  
t h e  d e m o n s t r a t io n  o f  an  ab n o rm a l s t a t e  o f  v i t a m in  C 
n u t r i t i o n  b y  one o r  m ore o f  t h e  s p e c i a l  m e th o d s . T he 
b e s t  known o f  t h e s e  a r e : -
1 .  P a p i l l a r y  r e s i s t a n c e .
The c a p i l l a r y  r e s i s t a n c e  t o  p r e s s u r e  i s  
lo w e re d  i n  s u b j e c t s  o f  su b n o rm a l v i t a m in  C n u t r i t i o n .  
T h e re  a r e  tw o  r e c o g n is e d  m eth o d s o f  p e r fo rm in g  t h e  
t e s t .  The p r i n c i p l e  i s  t h e  sam e i n  b o th  c a s e s  n am ely  
t h e  i n c r e a s e  o f  t h e  v e n o u s  p r e s s u r e  b y  m e c h a n ic a l  
m eans f o r  a  known p e r io d  o f  t i m e .  The num ber o f  
p e t e c h i a e  d e v e lo p e d  i n  a  g iv e n  a r e a  o f  s k in  s o  a f f e c t e d  
a r e  c o u n te d .  The m eth o d s a r e : -
( a )  G o t h l i n ^  (8 )  m e th o d . ) S ee  A ppend ix
(b )  S u c t io n  Cup m e th o d . ) p a g e  0%  .
2 .  U r in a r y  e x c r e t i o n  o f  V ita m in  C . ( T i l lm a n s .  H a r r i s
-----------STfey T il) .----
The v i t a m in  C c o n te n t  o f  t h e  u r i n e  i s  e s t i ­
m a ted  b y  t i t r a t i o n  a g a i n s t  a  known s o l u t i o n  o f  6 : 2 
d i - c h lo r o p h e n o l - i n d o p h e n o l .
3 .  U r in a r y  S a t u r a t i o n  T e s t . ( H a r r i s  & R ay (1 1 )  .
The e f f e c t  on  t h e  u r i n a r y  e x c r e t i o n  o f  
v i t a m in  C o f  t h e  a d m i n i s t r a t i o n  o f  a  l a r g e  d o s e  o f  
t h e  v i t a m in  i s  w a tc h e d . The v i t a m in  i s  d e t e c t e d  i n  
th e  u r i n e  a s  a b o v e .
4 .  B lo o d  P la sm a  c o n c e n t r a t i o n  o f  V ita m in  0 .
( a )  M ethod o f  T a u b e r  and  K l e in e r  (1 2 )  -  t h e  r e ­
d u c in g  pow er o f  th e  c e v i ta m ic  a c id  i n  t h e  p la sm a  i s  
c a l c u l a t e d  b y  th e  u s e  o f  a n  a o id  f e r r i c y a n i d e .
(b )  M icro -M eth o d  o f  F a rm e r and  A bt (1 3 ) a  m o d i­
f i c a t i o n  o f  t h e  a b o v e .
5 .  I n t r a d e r m a l  T e s t .  ( R o t t e r  (1 4 ) and  W ilk in s o n  ( 1 5 ) <
A known q u a n t i t y  o f  t h e  d y e  6 t 2 d i o h l o r o -  
p h e n o l - in d o p h e n o l  i s  i n j e c t e d  in t r a d e r m a l  l y  and th e  
r a t e  o f  d e c o l o u r a t i o n  o f  t h e  d y e  b y  th e  v i ta m in  p r e -  | 
s e n t  i n  t h e  s k i n  i s  t im e d .  D e la y  i n  d e c o lo u r a t io n
t
o f  t h e  d y e  o f  an y  e x t e n t  i n d i c a t i n g  sub  -n o rm a l d e rm a l j 
c o n t e n t  o f  v i t a m in  0 • and  hypov i t  am inos i s  0 •
7.
SECTIOH I . MEASLES.
i
CHAPTER I I .
THE OBJECT OF THE PRESENT IHVESTIGAIIQHS.
1
To a s s e s s  th e  a d e q u a c y  o f  t h e  d i e t  o f  th e  p o o r e r  
o l a s s e s  i n  a  " d e p r e s s e d "  i n d u s t r i a l  a r e a  t o  m eet th e  
i n c r e a s e d  u s a g e  o f  v i ta m in  C d u r in g  m e a s le s*
R e c e n t ly  a t t e n t i o n  h a s  b e e n  d raw n  t o  t h e  com­
p a r a t i v e l y  h ig h  in c id e n c e  o f  v i ta m in  C s u b n u t r i t i o n  
am ongst t h e  h o s p i t a l  c l a s s  o f  p a t i e n t  i n  t h i s  and 
o t h e r  c o u n t r i e s  ( H a r r i s  and  Sim on K e l ly  ( 1 6 ) ,  G ander 
and  N ie d e r b e r g e r  (1 7 )*  S in c e  t h e  v i t a m in  d o e s  n o t  
a p p e a r  t o  b e  s y n th e s iz e d  w i t h i n  t h e  body  i t  m u st be  
in g e s t e d  and d e f i c i e n c y  i s  t h e r e f o r e  d i r e c t l y  a t t r i ­
b u t a b l e  t o  d i e t a r y  in a d e q u a c y *  (A v e ry  l i m i t e d  num ber 
o f  c a s e s  o f  d e f i c i e n c y  o c c u r r in g  i n  p e r s o n s  r e c e i v i n g  
a n  a d e q u a te  am ount o f  t h e  v i t a m in  h a v e  b e e n  r e p o r t e d  
( 1 8 ) ) .
F u r th e r m o r e ,  num erous a u th o r s  h a v e  b e e n  a b le  t o  
d e m o n s t r a te  an  i n c r e a s e d  u s a g e  o f  t h e  v i ta m in  d u r in g  
v a r i o u s  i n f e c t i o u s  and  p y r e x i a l  s t a t e s  (1 9 ) ( H a r r i s ,  
A b b asy , G ra y , H i l l ,  E l lra a n , P a g e t  e tc *  ( 1 9 ) .
I n  a  com m unity o f  s u c h  c i r c u m s ta n c e s  a s  t o  
s u g g e s t  h y p o v i ta m in o s e s  0 ,  t h e  i n c r e a s e d  u s a g e  o f  
t h i s  v i t a m in  a s s o c i a t e d  w i th  an  i n f e c t i o u s  d i s e a s e  
w ould  p re su m e d ly  i n c r e a s e  t h e  in c id e n c e  and s e v e r i t y  
o f /
o f  h y p o v ita m in o s e s  i n  t h e  a r e a  d u r in g  an  e p id e m ic .
Such in c r e a s e d  in c id e n c e  w ould  make i t  m ore r e a d i l y  
I d e m o n s tr a b le  •
The commencement i n  t h i s  a r e a  (W est C um berland) 
i n  t h e  Autumn o f  1937 o f  an  e p id e m ic  o f  m e a s le s  p r o -  ;
j
d u c e d  s u c h  c o n d i t i o n s .  I t  was d e c id e d  t o  i n v e s t i g a t e ^ -
j
( a )  t h e  p o s s i b l e  p r e s e n c e  o f  h y p o v i ta m in o s is  C am ongst 
t h e  a p p a r e n t ly  n o rm a l c h i l d r e n  ( c h i e f l y  o f  th e  
p o o r e r  c l a s s e s )  o f  t h i s  a r e a .
; (b )  t h e  p o s s i b l e  i n c r e a s e  i n  in c id e n c e  o f  s u c h  h y p o -
f  ;
v i t  am inos i s  C i n  c h i l d r e n  o f  th e  same a r e a ,  s u f  f e e ­
in g  fro m  m e a s le s .
j
( c )  t h e  l e n g th  o f  t im e  t h i s  in c r e a s e d  in c id e n c e  ( i f  j
j
an y ) p e r s i s t e d  d u r in g  th e  c o n v a le s c e n c e .  !
CHAPTER III.
THE METHOD ADOPTED FOR THE DETECTION OF HYPO -  ■
VITAMIHOSES 0 .  THE SELECTION OF CHILDREN FOR EXAM­
INATION, ETC.
i ;i
( a )  THE AREA. j
The a r e a  i n  w hioh  t h e  i n v e s t i g a t i o n s  I
i
w e re  c o n d u c te d  i s  s i t u a t e d  on th e  W est c o a s t  o f  j
C um berland  i n  t h e  h e a r t  o f  an  i n d u s t r i a l  a r e a  w h ioh  
h a s  b e e n  c l a s s e d  w i th  S o u th  W ales a s  one o f  t h e  m ost 
" d e p r e s s e d "  r e g io n s  i n  th e  B r i t i s h  I s l e s .  The a v e ra g e
; incom e o f  m ost h o u s e h o ld s  i s  lo w , and th e  num ber o f  j
i
o h i l d r e n  o f t e n  l a r g e .  A lso  a s  t h e r e  i s  n o  r e s i d e n t  j
iI
!P u b l i c  A s s i s ta n c e  M e d ic a l O f f i c e r  many o f  t h e  p o o r e s t  
f a m i l i e s  w ere  u n d e r  th e  d i r e c t  c a r e  o f  th e  a u t h o r .
As t h e  i n v e s t i g a t i o n  h ad  f o r  i t s  c h i e f  a im  th e
i
d e t e c t i o n  o f  t h e  p r e s e n c e  o f  h y p o v ita m in o s e s  (a n d  o f  j
| an y  d i e t a r y  in a d e q u a c y  o f  v i t a m in  C) r a t h e r  t h a n  th e  
; a c t u a l  p e r c e n ta g e  in c id e n c e  o f  h y p o v i ta m in o s e s  i t  was 
c o n s id e r e d  l e g i t i m a t e  t o  make a  d e f i n i t e  b i a s  to w a rd s  
c h i l d r e n  o f  t h e  p o o r e r  and l a r g e r  f a m i l i e s  i n  th e  
s e l e c t i o n  o f  c a s e s .  Though t h i s  b i a s  w ould  g iv e  a  
f a l s e  im p r e s s io n  o f  th e  a o t u a l  in c id e n c e  o f  h y p o -  j
v i t a m i n o s i s  C i n  t h e  a r e a  i t  c o u ld  b e  ig n o re d  a s  no  j
I
a t t e m p t  was b e in g  made t o  a s s e s s  t h e  a c t u a l  p e r c e n ta g e
1
in c id e n c e  b u t  o n ly  t o  d e t e c t  i f  h y p o v ita m in o s e s  0 
w ere  p r e s e n t  o r  n o t .  As t h e  b i a s  w ould  o p e r a t e  n o t  
o n l y /
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o n ly  i n  t h e  c a s e  o f  m e a s le s  b u t  a l s o  i n  t h e  s e l e c t i o n  j  
o f  n o rm a l c h i l d r e n  f o r  e x a m in a t io n ,  i t  was n o t  c o n -  
; s i d e r e d  t h a t  i t  w ould  p r e j u d ic e  t h e  d e m o n s t r a t io n  o f  
a n  i n c r e a s e d  in c id e n c e  o f  h y p o v i ta m in o s e s  0 f o l lo w in g
|
m e a s le s ,  s in c e  t h e  g ro u p s  o f  c h i l d r e n  com pared  ( i . e .
j
n o rm a l c h i ld r e n  an d  s u f f e r e r s  f ro m  m e a s le s )  w ould  b e  ! 
o f  s i m i l a r  econom ic  c i r c u m s ta n c e s .
(b )  DIET.
S in c e  t h e  o n ly  s o u rc e  o f  th e  v i t a m in  i s  
f ro m  th e  fo o d  a  d e m o n s t r a t io n  o f  h y p o v i ta m in o s is  0 
w ould  g e n e r a l l y  s p e a k in g  b e  c o n s id e r e d  s u f f i c i e n t  t o  |
s
p ro v e  a  d i e t a r y  l a c k  and  t h e r e f o r e  a  d e t a i l e d  s u rv e y  I
o f  t h e  a c t u a l  v i t a m in  c o n te n t  o f  t h e  d i e t  was n o t  ji
e s s e n t i a l  f o r  th e  p u rp o s e s  o f  th e  i n v e s t i g a t i o n .  j
H ow ever a  f a i r l y  d e t a i l e d  e n q u ir y  i n t o  th e  p r e v io u s  
( d i e t e t i c  h i s t o r y  was made i n  an  a t te m p t  t o  c o r r e l a t e  j 
| an y  d e f i c i e n c y  w h ich  m ig h t b e  d e t e c t e d  w i th  a n  i n -  j 
a d e q u a te  d i e t .
F o r  t h i s  p u rp o s e  th e  f in d i n g s  g iv e n  b y  F e l l e r s (20) 
f o r  t h e  a s c o r b i c  a c id  c o n te n t  o f  t h e  v a r i o u s  f o o d ­
s t u f f s  w ere  u s e d  i n  a s s o c i a t i o n  w i th  H e ss* s  d ic tu m  
t h a t  2*5 mgm. p e r  d a y  (1 0 0  I n t e r n a t i o n a l  u n i t s )  w i l l  ! 
p r o t e c t  a  b a b y  and t h a t  " t h e  a d u l t  n e ed  i s  p ro b a b ly  
n o t  o v e r  7 .5  mgm." ( 2 1 ) .  From  th e s e  f i g u r e s  th e  
c h i l d 13 a v e ra g e  d a i l y  r e q u ir e m e n t  a c c o r d in g  t o  h i s  
a g e /
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ag e  was c a l c u l a t e d  and fro m  h i s  known d i e t  and F e l l e r *1 s 
t a b l e  i t  was p o s s i b l e  t o  c a l c u l a t e  h i s  a p p ro x im a te  
a v e ra g e  d a i l y  i n t a k e .  The f i g u r e s  so  o b ta in e d  came
b e lo w  t h e  r e p u te d  "m in im a l optim um " i n t a k e  o f  25 mgm. ;
|
p e r  10 s to n e  b o d y -w e ig h t b u t  a s  th e y  w ere  u s e d  c h i e f l y  
a s  a  s ta n d a r d  f o r  c o m p a r iso n  b e tw e e n  t h e  v a r io u s  d i e t s  
t h i s  was o f  l i t t l e  s i g n i f i c a n c e .  A c c o rd in g  t o  th e  
r e l a t i o n s h i p  b e tw e en  a  c h i ld *  s  c a l c u l a t e d  d i e t a r y  
i n t a k e  o f  v i ta m in  C and h i s  a c t u a l  r e q u ire m e n ts  d e d u c ted  
f ro m  H e s s ’ s  f i n d i n g s  h i s  d i e t  was c l a s s e d  a s  fo llo w s :-*
V ery  h ig h  v i t a m in  0 c o n t e n t . j
H ig h  * * *
S a t i s f a c t o r y  " * * when t h e  tw o f i g u r e s
w ere i n  a g re e m e n t.
Low v i ta m in  0 c o n t e n t .  j
[i
V ery  low  " " " j
|
(S e e  A ppend ix  p a g e  62 )
N .B . T h ro u g h o u t t h e  w h o le  i n v e s t i g a t i o n  th e  s e l e c t i o n  
o f  t h e  d i e t  f o r  c a s e s  was l e f t  e n t i r e l y  t o  t h e  r e ­
s p e c t i v e  p a r e n t s  u n l e s s  a d v ic e  was s p e c i f i c a l l y  
a sk e d  f o r ;  i n  su c h  c i r c u m s ta n c e s  t h e  u s u a l  f e v e r  
d i e t  was s u g g e s te d ,  i n c l u d i n g  sw e e te n e d  o ra n g e  
d r in k s  b u t  t h e  a d v ic e  h a v in g  b e e n  o f f e r e d  t h e  
m a t t e r  was th e n  l e f t  i n  th e  h a n d s  o f  t h e  p a r e n t s .
c./
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(c )  THE METHOD ADOPTED FOR THE DETECTION OF
HYPOVITAMINOSES 0 .
As e x p la in e d  p r e v i o u s l y  (p a g e  5 )  t h e  d i a g n o s i s  
o f  h y p o v i ta m in o s e s  0 r e s t s  e n t i r e l y  u p o n  s p e c i a l  
e x a m in a t io n  b y  c e r t a i n  l a b o r a t o r y  m e th o d s . I n  c h o o s - l  
i n g  a  t e s t  f o r  t h e  p r e s e n t  p u rp o s e  o e r t a i n  r e q u i r e m e n ts  
h a d  t o  b e  m e t .  The t e s t  h a d  t o  b e  s u f f i c i e n t l y  r e ­
l i a b l e ,  r e a s o n a b ly  s im p le  t o  p e r fo r m ,a n d  one n o t  r e ­
q u i r i n g  to o  much t im e .  The t e s t s  w h ich  s u g g e s te d  
th e m s e lv e s  w e re ,  t h e  c a p i l l a r y  r e s i s t a n c e  t e s t ,  t h e
in t r a d e r m a l  t e s t  and  t h e  u r i n a r y  e x c r e t i o n  an d  s a tu r a j -
|
t i o n  t e s t s .  On c o n s i d e r a t i o n  th e  c a p i l l a r y  r e s i s t a n c e
t e s t  was r e j e c t e d  a s  i t  i s  n o n - s p e c i f i c  ( 2 2 ) ,  and  th e !
|
i n t r a d e r m a l  t e s t  b e c a u s e  i t  g av e  n o  o p p o r tu n i t y  o f  j 
m e a s u r in g  t h e  d e g r e e  o f  h y p o v i ta m in o s e s ,  and  b e c a u s e  j 
i t  i s  p a i n f u l .  T h e re  re m a in e d  th e  u r i n a r y  e x c r e t i o n  
| e s t i m a t i o n  and  th e  s a t u r a t i o n  t e s t  b o th  d e v i s e d  b y
i
| H a r r i s  and  Ray ( 1 1 ) .
T h e se  a u th o r s  f o r m u la te d  a  m ethod  f o r  t h e  d e ­
t e c t i o n  o f  t h e  q u a n t i t y  o f  v i t a m in  0 i n  t h e  u r i n e  
( a  m o d i f i c a t i o n  o f  T i l lm a n s  m ethod  f o r  t h e  d e t e c t i o n  
o f  t h e  v i t a m in  i n  b o d y  f l u i d s ) .  T hey made a  d e t a i l e d  
s tu d y  o f  t h e  e x c r e t i o n  o f  t h e  v i t a m in  i n  n o rm a l and 
a b n o rm a l s u b j e c t s .  T h e i r  g e n e r a l  c o n c lu s io n s  w ere  
a s  f o l lo w s
Cd)
(d )  THE PRINCIPLE OP THE URINARY TESTS.
W ith  r e g a r d  t o  v i ta m in  0 e x c r e t i o n  H a r r i s  and  
Ray d e m o n s tr a te d  t h a t  p ro v id e d  t h e r e  i s  no  i n t e r ­
f e r e n c e  w i th  t h e  n o rm a l e x c r e t o r y  m echanism  t h e  
q u a n t i t y  o f  v i t a m in  C e x c r e te d  d a i l y  i s  d i r e c t l y  con-1  
n e c t e d  w i th  tw o f a c t o r s ! -  f i r s t l y  th e  im m e d ia te ly  
p r e v io u s  v i ta m in  C i n t a k e ,  and  s e c o n d ly  t h e  p a s t  
i n t a k e .  They showed t h a t  i f  t h e  im m e d ia te ly  p r e v io u s  
i n t a k e  i s  s a t i s f a c t o r y  and  u r i n a r y  e x c r e t i o n  i s  b e lo w  
| a  o e r t a i n  m in im a l f i g u r e  t h e  p a s t  n u t r i t i o n a l  h i s t o r y  
h a s  b e e n  u n s a t i s f a c t o r y  and  t h e r e f o r e  t h e  s u b j e c t  i s  ;
s u f f e r i n g  f ro m  v i t a m in  C s u b n u t r i t i o n .  I f  h o w ev er th $
| !
im m e d ia te ly  p r e v io u s  i n t a k e  h a s  b e e n  low  th e n  a  low  !
|
e x c r e t o r y  f i g u r e  i s  o f  n o  s i g n i f i c a n c e  s i n c e  i t  may i
r e f l e c t  m e re ly  t h e  r e c e n t  low  i n t a k e  an d  th e  p o s t  j
!
h i s t o r y  may b e  s a t i s f a c t o r y .  They e x p l a i n  t h e s e  j 
d i f f e r e n c e s  b y  a ssu m in g  t h a t  th e  b o d y  n o r m a lly  accum ­
u l a t e s  a  c e r t a i n  r e s e r v e  o f  v i ta m in  C w i t h i n  i t s  t i s ­
s u e s .  An i n t a k e  o f  t h e  v i t a m in  p e r s i s t e n t l y  b e lo w
t h e  m in im a l d a i l y  r e q u i r e m e n t  n e c e s s i t a t e s  d ra w in g  
u p o n  body r e s e r v e s ,  ( t h i s  i f  i t  c o n t in u e s  w i l l  r e s u l t  
i n  c o m p le te  d e p l e t i o n  o f  t h e  r e s e r v e s  and th e n  d e ­
f i n i t e  c l i n i c a l  s ig n s  o f  v i t a m in  0 d e f i c i e n c y  w ould 
a p p e a r . )  They f u r t h e r  d e m o n s tr a te  t h a t  i f  a n  am ount 
o f  v i t a m in  ab o v e  th e  d a i l y  r e q u ir e m e n t  o f  t h e  body  
b e  f e d  t o  an  i n d i v i d u a l  h i s  u r i n a r y  e x c r e t i o n  d e p e n d s
I u p o n  t h e  s t a t e  o f  h i s  b o d y  s t o r e s  o f  v i ta m in  0 -  I . e .j
| h i s /
h i s  d e g re e  o f  " s a t u r a t i o n * . I f  h e  i s  f u l l y  s a t u r a t e d  
any  e x c e s s  above t h e  d a i l y  r e q u i r e m e n t  i s  e x c r e te d  and 
t h e  u r i n a r y  e x c r e t i o n  f i g u r e  i s  ab o v e  a  c e r t a i n  l e v e l .  
I f  on t h e  o t h e r  h a r d  h e  s u f f e r s  f ro m  any  d e g r e e  o f  
u n s a t u r a t i o n  t h e  e x c e s s  above  t h e  d a i l y  r e q u i r e m e n t  
I s  r e t a i n e d  b y  th e  b o d y  t o  r e p l e n i s h  i t s  r e s e r v e  and  ; 
t h e  u r i n a r y  e x c r e t i o n  re m a in s  low  i n  s p i t e  o f  t h e  
|e x c e s s  i n g e s t e d .  I n  o t h e r  w o n is  a  low  e x c r e t i o n  on 
I a  known optim um  d a i l y  i n t a k e  o f  a s c o r b i c  a c id  ( r e c e n t  
i n t a k e )  i n d i c a t e s  p a s t - n u t r i t i o n a l  d e f i c i e n c y  -  h y p o ­
v i t a m in o s e s  0 .
The p r o p e r  u s e  o f  t h i s  t e s t  h o w ev er r e q u i r e s i -
( a )  c o n t r o l  o f  t h e  v i t a m in  i n t a k e  f o r  a  few  d a y s  b e -  !
i
f o r e  t h e  a c t u a l  e x c r e t i o n  f i g u r e  i s  ex am in ed  so  
I a s  t o  p r o v id e  a  s a t i s f a c t o r y  " im m e d ia te ly  p r e v io u s  
i n t a k e " .
(b )  v e r y  a c c u r a t e  m easu rem en t o f  th e  q u a n t i t y  o f  
a s c o r b i c  a c id  i n  tw e n ty - f o u r  h o u r  sp e c im e n s  o f  
u r i n e  c a r e f u l l y  p r e s e r v e d .
T h e se  f a c t o r s  w ere  n o t  e a s y  t o  com ply  w i th  i n  
t h e  p r e s e n t  w ork  and  th e  s a t u r a t i o n  t e s t  o f f e r e d  
c e r t a i n  a d v a n ta g e s .  The u r i n a r y  e x c r e t i o n  f i g u r e  
was c a l c u l a t e d  w h ere  p o s s i b l e  a s  a  c h e c k  f o r  th o u g h  
a  low  r e a d in g  m ig h t h a v e  l i t t l e  s i g n i f i c a n c e  s in c e
i
n o  c o n t r o l  was t a k e n  o f  t h e  d i e t ,  a  h ig h  r e a d in g  on 
t h e  o t h e r  h an d  i n d i c a t e s  s a t i s f a c t o r y  v i t a m in  0 
n u t r i t i o n  e v en  w i th o u t  s u c h  c o n t r o l .
T h e /
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The a d v a n ta g e s  o f  t h e  s a t u r a t i o n  t e s t  a r e  t h a t  
i t  r e q u i r e s  no p r e v io u s  d i e t e t i c  c o n t r o l .  A lso  t h e  
d e g r e e  o f  e r r o r  may b e  a p p r e c i a b ly  g r e a t e r  w i th o u t  
i n f l u e n c i n g  s i g n i f i c a n t l y  t h e  v a l i d i t y  o f  th e  t e s t .
The p r i n c i p l e  in v o lv e d  i s  e s s e n t i a l l y  s i m i l a r  t o  t h a t  
o u t l i n e d  a b o v e . I t  d e p e n d s  u p o n  th e  v a r i e d  u r i n a r y  
r e s p o n s e  t o  a d m in i s t e r e d  d o s e s  o f  a s c o r b i c  a c id  r e ­
f l e c t i n g  th e  s t a t e  o f  t h e  b o d y  r e s e r v e  o f  v i t a m in  C , 
i . e .  " d e g re e  o f  s a t u r a t i o n " .  A l a r g e  t e s t  d o s e  o f  
a s c o r b ic  a c id  i s  a d m in i s t e r e d  t o  t h e  i n d i v i d u a l  to  be 
t e s t e d  and  t h e  u r i n a r y  r e a c t i o n  o b s e r v e d .  I f  t h e  
i n d i v i d u a l  i s  u n s a t u r a t e d  t h e  e x c e s s  o f  c e v i t a m ic  a c id
i
above t h e  d a i l y  r e q u i r e m e n t  i s  r e t a i n e d  a lm o s t  com­
p l e t e l y  and th e  u r i n a r y  e x c r e t i o n  f i g u r e  f o r  t h e  
v i ta m in  re m a in s  c o r r e s p o n d in g ly  lo w . I f  on  th e  o t h e r  
h a n d  th e  b o d y  i s  s a t u r a t e d  an y  e x c e s s  i s  im m e d ia te ly  
e x c r e te d  and  a  n o t i c e a b l e  i n c r e a s e  o c c u r s  i n  th e  
q u a n t i t y  o f  a s c o r b i c  a c id  e x c r e te d  i n  t h e  n e x t  tw e n ty + 
f o u r  h o u r s .  I t  h a s  b e e n  d e m o n s tr a te d  t h a t  b y  g iv in g  & 
l a r g e  t e s t  d o s e  a  v e r y  m arked  d i f f e r e n c e  i n  t h e  u r i n a r y  
r e s p o n s e  o f  a  s a t u r a t e d  and  p a r t l y  s a t u r a t e d  in d iv id u e .l  
o c c u r s  w h ic h  d i f f e r e n c e  i s  so  g r e a t  " a s  t o  a l lo w  o f  
m in o r t e c h n i c a l  e r r o r s  w i th o u t  s i g n i f i c a n t l y  i n f l u e n c ­
in g  t h e  v a l i d i t y  o f  th e  t e s t " .  A lso  th e  d e g r e e  o f  
u n s a t u r a t i o n  may b e  g au g ed  a s  t h e  am ount o f  v i t a m in  r e ­
q u ir e d  t o  b e  a d m in i s t e r e d  b e f o r e  a  s a t i s f a c t o r y  u r i n a r y  
r e s p o n s e  o c c u r s ,  s i n c e  s u c h  r e s p o n s e  o c c u r s  o n ly  when 
s a t u r a t i o n  i s  re a c h e d *  The am ount o f  a s c o r b i c  a c id  
a d m in i s t e r e d  i s  t h e r e f o r e  e q u iv a l e n t  t o  t h e  amount 
r e q u i r e d  t o /
t o  r e p l e n i s h  t h e  body r e s e r v e  and  t h e r e f o r e  e q u i v a l e n t  
t o  th e  t o t a l  p r e v io u s  d e f i c i e n c y .
One d i s a d v a n ta g e  a t t e n d s  t h e  s a t u r a t i o n  t e s t  
n am ely  t h a t  o n ce  t h e  d e g r e e  o f  u n s a t u r a t i o n  h a s  b e e n  
a s s e s s e d  f u r t h e r  t e s t i n g  a t  a  l a t e r  p e r io d  i s  l i k e l y  j 
t o  b e  n e g a t i v e  a s  any  d e f i c i e n c y  p r e s e n t  i s  a u t o -  j  
m a t i c a l l y  c o r r e c t e d  d u r in g  t h e  f i r s t  t e s t .  I t  was j  
t h e r e f o r e  n e c e s s a r y  t o  t a k e  d i f f e r e n t  c a s e s  t o  a s s e s s ’ 
t h e  d e g r e e  o f  u n s a t u r a t i o n  a t  v a r i o u s  s t a g e s  o f  t h e  
c o n v a le s c e n c e  fro m  m e a s l e s . T h is  was n o t  h o w ev er 
c o n s id e r e d  a  g r e a t  h a n d ic a p  a s  t h e  o b j e c t  was n o t  t o  Ii '
| s tu d y  v i t a m in  C n u t r i t i o n  d u r in g  m e a s le s  ( f o r  t h i s  w ai
j  1
c o n s id e r e d  t o  r e q u i r e  g r e a t e r  f a c i l i t i e s  t h a n  w ere  j
r e a s o n a b ly  a v a i l a b l e . )  b u t  m e re ly  t o  a s c e r t a i n  i f
h y p o v i ta m in o s I s  C was p r e s e n t  and i f  so  I n  w h at
|
a p p ro x im a te  p r o p o r t i o n  a t  e a c h  s t a g e .  j
i
I THE SELECTION OF CASES AND THEIK DIVISION
IHTO GROUPS.
R e fe r e n c e  h a s  a l r e a d y  b e e n  made t o  t h e  b i a s
I to w a rd s  th e  p o o r e r  f a m i l i e s  (p a g e  9 ) w h ic h  b i a s  w as 
c o n s id e r e d  l e g i t i m a t e  f o r  t h e  r e a s o n s  g iv e n .
T he o a s e s  f i r s t l y  d iv id e d  n a t u r a l l y  i n t o  tw o 
p r i n c i p a l  g r o u p s : -
( a )  A p p a re n t ly  N orm al c h i l d r e n  -  G roup 1
(b )  C h i ld r e n  s u f f e r i n g  f ro m  M e a s le s  -  G roup 2
j GROUP 1 . /
GROUP 1.
W ith  r e g a r d  t o  t h e  f o r m e r , t h i s  g ro u p  c o n s i s t e d  o f  
c h i l d r e n  a t t e n d i n g  t h e  s u r g e r y  f o r  v e ry  m in o r  a i lm e n ts  
w h ich  w ere  n o n - p y r e x ia l  and  n o n - i n f e c t i o u s  and c o u ld
: t h e r e f o r e  b e  c o n s id e r e d  a s  h a v in g  n o  i n f l u e n c e  u p o n
1 .
i  :
t h e  v i t a m in  C n u t r i t i o n  o f  t h e  a f f e c t e d  c h i ld *  
V o lu n te e r s  w ere  n o t  a sk e d  f o r  b e c a u s e  i t  was c o n ­
s i d e r e d  t h a t  th e  a p p e a l  was v e r y  l i k e l y  t o  b e  u n ­
s u c c e s s f u l  •
GROUP 2 . |
W ith  r e g a r d  t o  t h e  l a t t e r ; a s  t h e  c h i e f  aim  was t o  
i n v e s t i g a t e  t h e  a d e q u a c y  o f  t h e  d i e t  t o  m ee t t h e  
i n c r e a s e d  u s a g e  o f  v i t a m in  C t h e  a c t u a l  c a u s a t i o n  
o f  t h a t  demand i s  o f  s e c o n d a ry  im p o r ta n c e .  B u t f o r  
t h e  s a k e  o f  u n i f o r m i t y ,  and  t o  d im in i s h  t h e  num ber o f  
s e c o n d a ry  f a c t o r s  a f f e c t i n g  any  c o n c lu s io n s  w h ich  
I m ig h t b e  d raw n fro m  t h e  r e s u l t s  o b ta in e d  i t  was d e -  
! c id e d  t o  l i m i t  th e  i n v e s t i g a t i o n  t o  u n q u e s t io n a b le5
c a s e s  o f  m e a s le s .
The e p id e m ic  w as e x t e n s iv e  and  o c c u r re d  i n  a  
c row ded  p o p u la t i o n  s o  t h a t  am ple o p p o r tu n i ty  was 
a f f o r d e d  f o r  t h e  s e l e c t i o n  o f  s u i t a b l e  c a s e s .  O n ly it
c a s e s  w ere  in c lu d e d  w h ich  show ed I -
(1 )  A bsence o f  m e a s le s  i n  t h e  p a s t  h i s t o r y .
(2 )  The h i s t o r y  o f  o r  p r e s e n c e  o f  a  s h o r t  c o r y z a l  
s t a g e  (2 -5  d a y s )  w i th  g r a d u a l l y  i n c r e a s i n g  f e v e r
I and  c o u g h .
I (3 )  The f i n a l  a p p e a ra n c e  o f  a  r a s h  o f  t y p i c a l  fo rm
18.
and d i s t r i b u t i o n .
(4 )  The a b s e n c e  o f  o t h e r  s ig n s  t o  c a u s e  d o u b t i n  th e  
d i a g n o s i s .
I n  a b o u t  60$ o f  t h e  c a s e s  K o p l ic k s  s p o t s  w ere 
o b s e rv e d  b u t  i t  was n o t  p r a c t i c a b l e  t o  i n c l u d e  o n ly !
t h e s e  c a s e s  i n  w h ich  t h e s e  p a th o g n o m o n ic  s p o t s  w ere  j
i  i
s e e n  a s  o f t e n  m e d ic a l  a t t e n t i o n  was s o u g h t  o n ly  a f t e r  
t h e  r a s h  h a d  a p p e a r e d .
To a t t a i n  t h e  t h i r d  o b j e c t  o f  t h e  i n v e s t i g a t i o n  ; 
i t  was n e c e s s a r y  t o  f u r t h e r  d i v i d e  t h e  c a s e s  o f  
m e a s le s .  The aim  was " t o  a s s e s s  t h e  l e n g t h  o f  t im e  
t h e  in c r e a s e d  in c id e n c e  o f  hypov  i t  am inos i s  ( i f  an y ) 
p e r s i s t e d  d u r in g  c o n v a le s c e n c e " .  T h is  was i n  r e a l i t y  
a n  a t t e m p t  t o  a s s e s s  t h e  a d eq u ac y  o f  t h e  d i e t  o f  t h e s e  
c h i l d r e n  t o  make good th e  d e p l e t i o n  o f  t h e i r  body  
r e s e r v e s  c a u s e d  b y  t h e  i n c r e a s e d  u s a g e  o f  th e  v i t a m in  
d u r in g  t h e  a t t a c k  o f  m e a s le s  •
A t t e n t i o n  w i l l  b e  c a l l e d  t o  t h e  f a c t  t h a t  (p a g e  
21) f o r  d e f i n i t e  d ia g n o s e s  o f  a b n o rm a l v i t a m in  0 
j  n u t r i t i o n  t h e  s a t u r a t i o n  t e a t  i s  r e l i e d  u p o n  i n  t h i s  
i n v e s t i g a t i o n  ( t h e  e x c r e t i o n  t e s t  a lo n e  g iv in g  no  
c o n c lu s iv e  d a t a  a s  t h e  d i e t  was i n  no  way c o n t r o l l e d )  . 
E a r l i e r  i t  h a s  b e e n  m e n tio n e d  (p a g e  16 l i n e  3 ) t h a t
t h e  s a t u r a t i o n  t e s t  c a n  b e  a p p l i e d  o n ce  o n ly  t o  any  
p a r t i c u l a r  p a t i e n t .  T h e r e f o r e  t o  a t t e m p t  t o  a s s e s s  
t h e /
t h e  s t a t e  o f  v i t a m in  C n u t r i t i o n  th ro u g h o u t  t h e  c o n ­
v a le s c e n c e  i t  was n e c e s s a r y  t o  d i v i d e  th e  c a s e s  o f  
m e a s le s  i n t o  s e v e r a l  s u b -g ro u p s  and  t o  exam ine e a c h  
s u b -g ro u p  a t  a  d i f f e r e n t  s t a g e  o f  c o n v a le s c e n c e .
They w ere  d iv id e d  i n t o  f o u r  g ro u p s  a s  f o l l o w s : -
S u b -g ro u p  A. C h i ld r e n  ( a t  l e a s t  24  h o u rs  a p y r e x i a l )  
exam ined  7 d a y s  a f t e r  t h e  f i r s t  a p p e a r ­
a n c e  o f  th e  r a s h .
Sub -g ro u p  B . C h i ld r e n  exam ined  14 d a y s  a f t e r  * " *
Sub -g ro u p  C . C h i ld r e n  * 28 d a y s  •  * * *
S u b -g ro u p  D • C h i ld r e n  * 2 m on ths * * * *
W ith  r e g a r d  t o  t h e  s e l e c t i o n  o f  c a s e s  f o r  e a c h  
s u b -g ro u p  t h i s  was d o n e  m e re ly  b y  r o t a t i o n  so  t h a t  a s  
e a c h  c a s e  was f i r s t  a t t e n d e d  i t  becam e A , B , C and D 
s u b -g ro u p  i n  s e q u e n c e .
A l l  t h e  c h i l d r e n  o f  t h e  ab o v e  g ro u p s  h a d  ru n  a  
n o rm a l and  u n e v e n t f u l  c o u r s e  e n t i r e l y  f r e e  fro m  com­
p l i c a t i o n s .  A c o m p l ic a t io n  w ould  i n  i t s e l f  p resu m ab le  
i n c r e a s e  t h e  demand f o r  v i t a m in  C and  so  v i t i a t e  t h e  
r e s u l t  o b t a i n e d .
F i n a l l y  th o u g h  th e  e p id e m ic  w as r e m a rk a b ly  f r e e  
fro m  c a s e s  d e v e lo p in g  c o m p l ic a t io n s  a  few  o f  th e  
c h i l d r e n  d e v e lo p in g  c o m p l ic a t io n s  w e re  exam ined ( a t  
v a r y in g  i n t e r v a l s  f ro m  t h e  f i r s t  a p p e a ra n c e  o f  th e  
r a s h )  and  th e  r e s u l t s  a r e  r e c o rd e d  i n  a  s e p a r a t e  t a b l ^  
T h ese  c h i l d r e n  fo rm  G roup 3 .
( f )  THE PROCEDURE FOR EXAMINATION OF OASES.
The p r o c e d u re  a d o p te d  w as f i r s t l y  t o  a s s e s s  th e  
q u a n t i t y  o f  a s c o r b i c  a c id  e x c r e te d  d a l l y  and th e n  t o  
t e s t  f o r  hypov i t  am in o s i s  b y  t h e  s a t u r a t i o n  t e s t .  I t  
w as n e c e s s a r y  t o  a p p ly  th e  s a t u r a t i o n  t e s t  f o r  th o u g h  
a  h ig h  d a l l y  e x c r e t i o n  o f  c e v i ta m ic  a c id  w ould  p r e ­
c lu d e  th e  p o s s i b i l i t y  o f  s u b n u t r i t i o n  i n  t h a t  f a c t o r ,  i 
a  low  d a i l y  e x c r e t i o n  i s  o f  l i t t l e  s i g n i f i c a n c e  f o r  a s  
th e  d i e t  was n o t  c o n t r o l l e d  i t  m ig h t i n d i c a t e  p a s t  
n u t r i t i o n a l  d e f i c i e n c y  o r  m e re ly  a n  im m e d ia te ly  re c e n ij  
low  i n t a k e  ( a  s t a t e  t h a t  m ig h t o c c u r  i n  a  p e r s o n  i n  
p e r f e c t  h e a l t h . )
F o r  c o r r e c t  m easu rem en t o f  t h e  d a i l y  e x c r e t i o n  
o f  a s c o r b i c  a c id  a c c u r a t e  m easu rem en t o f  a  tw e n ty  - f o u r  
h o u r  sp e c im e n  c a r e f u l l y  p r e s e r v e d  i s  r e q u i r e d .  T h is  
h o w ev er was n o t  p r a c t i c a b l e  i n  t h e  p r e s e n t  i n v e s t !  -  
I g a t i o n  and an  a t te m p t  was made to  o b t a i n  an  a p p r o x ­
im a te  f i g u r e  b y  c o l l e c t i n g  o n ly  a  f o u r - h o u r  sp e c im e n  
I and  m u l t i p l y in g  th e  f i g u r e  o b ta in e d  b y  s i x .  I n  an  
a t t e m p t  t o  a s s e s s  t h e  p o s s i b l e  v a lu e  o r  d e g r e e  o f  
f a l l a c y  i n  t h i s  m ethod  t h e  w r i t e r  exam ined  h i s  own 
u r i n a r y  e x c r e t i o n  o v e r  a  p e r i o d  o f  tw e lv e  d a y s  b y  
b o th  m eth o d s  b y  c o l l e c t i n g  th e  u r i n e  f o r  t h e  f u l l  
t w e n ty - f o u r  h o u r s  b u t  k e e p in g  s e p a r a t e  t h a t  p a s s e d
I
i n  t h e  f o u r - h o u r  p e r io d  f ro m  10 a .m . t o  2 p .m .
H ow ever i n  D ecem ber H a r r i s  and  A bbasy (2 6 )  p u b l i s h e d  
; a n /
an  a r t i c l e  s u g g e s t in g  a  s i m p l i f i e d  u r i n e  t e s t  f o r  
e s t i m a t i o n  o f  e x c r e t i o n  o f  a s c o r b ic  a c id  by  th e  
c o l l e c t i o n  o f  o n ly  a  3 h o u r  p e r io d  n am ely  t h e  f i r s t  
t h r e e  h o u r s  i n  t h e  m o rn in g . They h a d  s a t i s f i e d  th em ­
s e lv e s  t h a t  i t  was " s u f f i c i e n t l y  a c c u r a t e  f o r  r o u t i n e ! 
s u rv e y s "  -  t h e r e f o r e  f o l l o w in g  t h i s  p u b l i c a t i o n  t h e i r  I 
m ethod  f o r  t h i s  and a l s o  f o r  t h e  s i m p l i f i e d  s a t u r a t i o n  
t e s t  was a d o p te d  th ro u g h o u t  th e  i n v e s t i g a t i o n .
(1 )  The d a i l y  e x c r e t i o n  o f  a s c o r b i c  a c id  was e s t i ­
m ated  a s  f o l l o w s : -
i
The p a t i e n t  was a sk e d  t o  em pty  h i s  b l a d d e r  
a t  9 a .m .  and t o  d i s c a r d  t h i s  s p e c im e n . Any u r i n e  
p a s s e d  fro m  th e n  u n t i l  12 a .m . was c o l l e c t e d  and  a t  
12 a .m . t h e  b l a d d e r  was a g a in  e m p tie d  and  t h i s  sp e c im e n  
added  t o  any  a l r e a d y  c o l l e c t e d .  The u r i n e  was s to r e d  
i n  d a r k  g l a s s  b o t t l e s  o r  i f  t h e s e  w ere  n o t  a v a i l a b l e  
i n  o r d in a r y  b o t t l e s  w rap p ed  i n  s e v e r a l  l a y e r s  o f  
b row n p a p e r  t o  e x c lu d e  t h e  l i g h t .  The a s c o r b i c  a c id  
was f u r t h e r  p r e s e r v e d  b y  th e  a d d i t i o n  o f  g l a c i a l  
a c e t i c  a c i d ,  -  10$ by  vo lum e a s  recom m ended b y  H a r r i s  
and  th e  n e c e s s a r y  c o r r e c t i o n s  f o r  d i l u t i o n  made when 
t h e  t i t r a t i o n  w as p e r fo rm e d .
A s u g g e s t io n  h a s  r e c e n t l y  b e e n  made t h a t  g l a c i a l  
a c e t i c  a c id  i s  n o t  a n  e f f i c i e n t  p r e s e r v a t i v e  o f  
a s c o r b i c  a c id  (F le m in g  and  B u rro w s ( 2 7 ) ) .  B u t t h i s  
i s  n o t  t h e  e x p e r ie n c e  o f  o t h e r  a u th o r s  and th o u g h  
H a r r i s /
H a r r i s  a d m its  t h e r e  i s  a  c e r t a i n  am ount o f  v i t a m in  G 
l o s t  h e  c o n s id e r s  t h a t  t h e  m ethod i s  a d e q u a te  f o r  t h e  
p u rp o s e  f o r  w h ich  i t  i s  a d v o c a te d  -  t h e  c l i n i c a l  d i a g ­
n o s i s  o f  v i t a m in  C s u b n u t r i t i o n .  Even F le m in g  o n ly  
fo u n d  a  l o s s  o f  22# w i th  5# a c e t i c  a c id  i n  tw e n ty -  
f o u r  h o u r s .  As w i l l  b e  d e s c r ib e d  l a t e r  a l l  sp e c im e n s  
i n  t h i s  i n v e s t i g a t i o n  w ere  exam ined  a t  t h e  v e r y  l a t e s t  
w i th in  f o u r  h o u r s  o f  b e in g  p a s s e d .  A lso  H a r r i s  s u g g e s t s  
10# g l a c i a l  a c e t i c  a c i d  w h e re a s  B u rro w s made h i s  t e s t s  
w i th  5# a c e t i c  a c i d .  A lso  a s  t h e  r e s u l t s  o f  th e  
s a t u r a t i o n  t e s t  d e p e n d  u p o n  a  h ig h  p e a k  i n  t h e  u r i n a r ^  
e x c r e t i o n  a  l o s s  o f  20#  e v e n  i f  i t  d id  o c c u r  w ould  !
!  i
;  i
n o t  g r e a t l y  i n f l u e n c e  t h e  s i g n i f i c a n c e  o f  t h e  t e s t .  j
The 3 h o u r  sp e c im e n s  w e re  c o l l e c t e d  f ro m  th e  |
!
)
p a t i e n t s  hom es b e tw e e n  12 a .m . and  1 2 .3 0  a .m . and 
I t a k e n  t o  t h e  h o s p i t a l  f o r  t i t r a t i o n .  A l l  t i t r a t i o n s  
| w ere  p e r fo rm e d  p e r s o n a l l y  an d  w ere  c o m p le te d  b e tw e e n
I
| 1 2 .3 0  a .m . and  1 .3 0  p .m . and  an y  n o t  exam ined  th ro u g h  
! l a c k  o f  t im e  w e re  d i s c a r d e d .  T h is  t e s t  w as r e p e a te d  
on th e  n e x t  d a y  and  t h e  a v e ra g e  f i n d i n g  t a k e n .  I f  
j t h e  q u a n t i t y  o f  a s c o r b i c  a c i d  e x c r e te d  was o v e r  a
I
c e r t a i n  f i g u r e  t h e  s a t u r a t i o n  t e s t  was o m i t t e d . I
!
H a r r i s  s t a t e s  "T he d a i l y  o u tp u t  o f  v i t a m in  0 i n  t h e  j
?
u r in e  o f  c o u r s e  f u r n i s h e s  a  f a r  m ore s t a b l e  m ea su re  | 
o f  t h e  s t a t e  o f  v i t a m in  C n u t r i t i o n  t h a n  d o e s  a  
d e t e r m in a t i o n  o f  i t s  m ere c o n c e n t r a t i o n ,  s i n c e  t h e  
l a t t e r /
I l a t t e r  f l u c t u a t e s  c o n s id e r a b ly  a c c o r d in g  t o  t h e  vo lum e
i
o f  u r i n e .  N e v e r t h e l e s s ,  i f  a  c h i l d  i s  known t o  b e  
e x c r e t i n g  n e i t h e r  m ore n o r  l e s s  th a n  t h e  a v e ra g e  
b u lk  o f  u r i n e ,  and th e  c o n c e n t r a t i o n  o f  a s c o r b i c  a c id  
i s  fo u n d  t o  b e  c o n s i s t e n t l y  ab o v e  t h e  l i m i t  o f  0 .0 1  -
| 0 .0 2  m g. p e r  c .c m . i t  may b e  s a f e l y  assum ed  t h a t  h i s
;
V ita m in  r e s e r v e s  a r e  a d e q u a te .  The sam e a rg u m en tj
i
I a p p l i e s  t o  an  a d u l t ,  e x c e p t  t h a t  t h e  l e v e l  o f  0 .0 2  t o
I 0 .0 3  mgm. p e r  d ay  may b e  s u b s t i t u t e d  f o r  0 .0 1  t o  0 .0 2
i
mgm." F o r  t h i s  i n v e s t i g a t i o n  c h i l d r e n  e x c r e t i n g  
0 .0 2 5  mgm. p e r  c .c m . on  t h e  a v e r a g e  o f  th e  tw o d a y s  
e x a m in a tio n  w ere  t a k e n  a s  b e in g  o f  s a t i s f a c t o r y
I
| v i ta m in  C n u t r i t i o n .  T h is  a llo w e d  a  s a f e  m a rg in  f o r  
s l i g h t  e r r o r s .  The q u a n t i t y  o f  t h e  c h i ld * * * ’ s  d a i l y  
e x c r e t i o n  o f  u r i n e  was t a k e n  t o  b e  w i t h i n  n o rm a l 
l i m i t s  i f  h e  e x c r e t e d  a  ’ n o rm a l’ am ount f o r  t h e  3 h o u r  
p e r i o d .  The p o s s i b l e  d i u r e t i c  e f f e c t  o f  c e v i ta m ic  
; a c id  w ould n o t  a f f e c t  t h i s  r e a d i n g  a s  i t  was t a k e n  
b e f o r e  any  a c id  h a d  b e e n  a d m in i s t e r e d  (A b b a sy , M .A. 
B io c h e m ic a l  J o u r .  V o l .  XXXI. 1937 N o .2 p p . 3 5 9 - 3 4 2 ) .
The t e c h n iq u e  f o r  t h e  s a t u r a t i o n  t e a t  u s e d  th r o u g h o u t  
i t h e  i n v e s t i g a t i o n  was a s  f o l lo w s  s -
The d a y  f o l l o w i n g  t h e  l a s t  e x a m in a t io n  o f  t h e  
i e x c r e t o r y  r a t e ,  a  c e r t a i n  known q u a n t i t y  o f  "R edoxon"
; pow der ( c ru s h e d  t a b l e t s )  was t a k e n  a t  10 a .m . and th e  
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u r i n e  c o l l e c t e d  d u r in g  t h e  3 -h o u r  p e r io d  2 p .m . -  5 
p .m . w i th  t h e  sam e p r e c a u t i o n s  a s  b e f o r e .  The am ount ! 
o f  pow der a d m in i s t e r e d  v a r i e d  w i th  t h e  ag e  and  was 
c a l c u l a t e d  on a  b a s i s  o f  70 mgm. a s c o r b i c  a c i d  p e r  
s to n e  o f  b o d y  w e ig h t  ( s e e  t a b l e  o p p o s i t e ) • I n  a l l  
p a t i e n t s  who w ere  n o t  w e ig h ed  ( t h e  m a j o r i t y . )  t h e  t e s t  
d o s e  was t a k e n  a s  t h a t  r e q u i r e d  b y  t h e  a v e ra g e  p e r s o n  
o f  t h a t  p a r t i c u l a r  a g e .  ( C a lc u la t e d  fro m  a v e ra g e  
w e i g h t ) . E ach  E edoxon t a b l e t  i s  e q u i v a l e n t  t o  50 mgm< 
o f  a s c o r b i c  a c id  and no  a t t e m p t  was made t o  d i v i d e  
t a b l e t s  so  t h a t  a l l  t e s t  d o s e s  w ere  m u l t i p l e s  o f  50 i 
mgm. and  a l l  f i g u r e s  w ere  t a k e n  t o  t h e  n e a r e s t  m u l t i p l e  
o f  50  ab o v e  e . g .  s o  t h a t  269 w ould  becom e 300 m&n.
A l l  t h e  p r e c a u t i o n s  d e t a i l e d  l a t e r  w i th  r e g a r d  t o  t h e  
c o l l e c t i o n ,  p r e s e r v a t i o n  and  t i t r a t i o n  o f  s a m p le s  were* 
s c r u p u l o u s ly  o b s e r v e d .
The sa m p le  c o l l e c t e d  was t i t r a t e d  a g a i n s t  6 t 2 
! d io h lo r o p h e n o l  -  in d o p h e n o l  and  th e  a s c o r b i c  a c id  
! c o n t e n t  d e d u c e d .  W ith  r e g a r d  t o  t h e  r e a d i n g  o f  r e -  
i  s u i t s  f o r  t h i s  t e s t  t h e  a u th o r s  s t a t e  • t h a t  a  r e s p o n s e  
j  s h o u ld  o c c u r  t o  t h e  s ta n d a r d  t e s t  d o se "  (7 0  mgm* p e r  
I s to n e  o f  b o d y  w e ig h t)  " u s u a l l y  on  t h e  f i r s t  and1
c e r t a i n l y  on  t h e  seco n d  day*  ( 2 4 ) .  T h ro u g h o u t t h i s  
| i n v e s t i g a t i o n  t h e r e f o r e  n o  r e s p o n s e  t o  th e  s e c o n d
I
I c a l c u l a t e d  s t a n d a r d  t e s t  d o s e  ( s e e  t a b l e  p a g e  2 4a  )
i
| i s  t a k e n  a s  i n d i c a t i n g  h y p o v i ta m in o s i s  C an d  th e  
t o t a l  am ount o f  c e v i t a m ic  a c id  a d m in i s t e r e d  b e f o r e  a  
s a t i s f a c t o r y /
! s a t i s f a c t o r y  u r i n a r y  r e s p o n s e  o c c u r r e d  m inus t h e  
j am ount o f  tw o t e s t  d o s e s  i s  t a k e n  a s  i n d i c a t i n g  th e  
j d e g r e e  o f  h y p o v i ta m in o s i s  i n  any  p a r t i c u l a r  s u b j e c t .
i]
j
j The t i t r a t i o n s .
| —
| T i t r a t i o n s  w e re ^ to  d e te r m in e  th e  q u a n -
• t i t y  o f  a s c o r b i c  a c id  i n  t h e  u r i n e  s p e c im e n s .  They 
| w ere  a l l  p e r fo rm e d  p e r s o n a l l y  a t  t h e  h o s p i t a l .
; A m i c r o - b u r e t t e  and  m i c r o - p i p e t t e  w ere  u s e d  and  a l l  
t h e  p r e c a u t i o n s  a d v is e d  b y  H a r r i s  and  Hay i n  t h e  
o r i g i n a l  p a p e r  w ere  o b s e rv e d  (1 1 ) • The d y e  u s e d  f o r  
S t h e  t i t r a t i o n s  w as 6 : 2  d i c h l o r o - p h e n o l  in d o - p h e n o l  
! o b t a in e d  f ro m  M e ss rs  Roche i n  t a b l e t s  e a c h  e q u i v a l e n t  
| t o  1 m gn. 1 - a s c o r b i c  a c id  (E ddy an d  D a l l d o r f  o o n -  
j s i d e r e d  t h i s  p a r t i c u l a r  t a b l e t  o f  good q u a l i t y  ( 3 0 ) )
i The d y e  s o l u t i o n  was f r e s h l y  p r e p a r e d  e a c h  d a y  and
i
i was o f  s u c h  a  s t r e n g t h  t h a t  0 .0 5  c .c m . was e q u i v a l e n t
Ii .
t o  0 .0 2 5  mgm. a s c o r b i c  a c id  ( s e e  c o r r e c t i o n  b y  H a r r i s  
L a n c e t  F e b .  1 9 3 5 , V ol 1 .  p .4 6 2 . )  The end p o in t  was 
r e a c h e d  i n  tw o m in u te s  and  i f  n e c e s s a r y  t h e  d y e  was 
f u r t h e r  d i l u t e d  t o  o b t a i n  a  d e f i n i t e  e n d - p o in t  b e f o r e  
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CHAPTER IV.
RESULTS OBTAINED IN MEASLES AND 
DURING CONVALESCENCE.
I n  a l l  87 c h i l d r e n  w ere  ex am in ed  d iv id e d  i n t o  
t h r e e  g ro u p s
G roup  1 . ‘N o rm a l1 c h i l d r e n  23 
G roup 2 * M e a s le s  ** 58 Sub--g ro u p A -  12
it ft B -  15
it it C -  15
tt tt D -  16
G roup 3 * C h i ld r e n  w i th  c o m p l i c a t io n s  6 .
GROUP 1 .  "N orm al c h i l d r e n 1*.
As d e s c r i b e d  p r e v i o u s l y  (p a g e  1 7 , l i n e  l) t h i s  
g ro u p  i s  com posed o f  c h i l d r e n  who a t t e n d e d  s u r g e r y  
f o r  m in o r  a i l m e n t s .  23 c h i l d r e n  o f  b o th  s e x e s  w ere  
e x a m in e d , a g e s  f ro m  6 t o  11 y e a r s .  T en  o f  t h e s e  
show ed a  h ig h  d a i l y  e x c r e t o r y  r a t e  f o r  t h e  v i t a m in  
and  th e  s a t u r a t i o n  t e s t  was c o n s id e r e d  u n n e c e s s a r y .
Of t h e  o t h e r  tw e lv e ,  on  a l l  o f  whom t h e  s a t u r a t i o n  
t e s t  was p e r fo r m e d ,  t e n  re s p o n d e d  i n  a  d e f i n i t e  b u t  
v a r y i n g  m an n er t o  t h e  f i r s t  t e s t  d o s e ,  one a f t e r  t h e  
s e c o n d  t e s t  d o s e ,  o ne  a f t e r  t h e  t h i r d  and  one n o t  
u n t i l  t h e  f i f t h  t e s t  d o s e .  The l a s t  tw o t h e r e f o r e  
came b e lo w  t h e  s t a n d a r d  a d o p te d  f o r  t h i s  i n v e s t i ­
g a t i o n /
i n v e s t i g a t i o n  and  th e y  w ere  t a k e n  t o  show d e f i n i t e  
' h y p o v i ta m in o s e s  C . The l a s t ,  a  b o y , r e q u i r e d  5 t e s t ;  
j d o s e s  o f  300  mgm.; h i s  d e g r e e  o f  u n s a t u r a t i o n  t h e r e -  
| f o r e  w as 1500 mgm -  600 mgm* 900 mgm. a s c o r b i c  a c id *
; He was a  w e a k ly  lo o k in g  i n d i v i d u a l  w i t h  a  p o o r  a p p e t i t e  
I th o u g h  n o  c a u s e  was d i s c o v e r e d  f o r  h i s  l a c k  o f  g ro w th  j 
j and  g e n e r a l  r o b u s tn e s s  (w e ig h t  2 s t .  10 l b s . )  H is  
u r i n e  was n o rm a l t o  t h e  o r d in a r y  t e s t s  • He h ad  how - j 
e v e r  a  v e r y  p o o r  a p p e t i t e  and h i s  m o th e r  w ould n o t
a l lo w  h im  t o  e a t  o r a n g e s  * She g a v e  a s  a  r e a s o n  t h a t  j
j
t h e y  a lw a y s  c a u s e d  h im  t o  b e  s i c k .  She h a d  made t h i s  j 
’ d is c o v e ry *  t h r e e  y e a r s  p r e v i o u s l y  and  h a d  n o t  a l lo w e d  
j h im  o ra n g e s  s i n c e .  The r e s t  o f  h i s  d i e t  was s m a l l  i n  
, a c t u a l  v i t a m in  C c o n t e n t .  H is  d e f i c i e n c y  was c o r -  
| r e c t e d  w i th  R edoxon t a b l e t s  (o n e  e a c h  m o rn in g ) and
I s i n c e  t h i s  h e  h a s  b e e n  much b e t t e r  th o u g h  h e  h a s  n o ti
| g a in e d  much i n  w e ig h t .  (2  s t .  13 l b s .  5 m o n th s .)
! T he tw o  c h i l d r e n  sh o w in g  h y p o v i ta m in o s i s  0 a l s o
j
j show ed a  d i e t a r y  h i s t o r y  w i th  p o o r  v i t a m in  C c o n t e n t  
j w h i le  c o n v e r s e ly  t h e  c h i l d r e n  n o t  r e q u i r i n g  t e s t  d o s e s
I
! h a d  w i th o u t  e x c e p t io n  d i e t s  h ig h  i n  a s c o r b i c  a c id  
c o n t e n t . M ost o f  t h e s e  t e n  c h i l d r e n  w ere  o f  b e t t e r  
w o r k in g - c l a s s  f a m i l i e s ,  and  th e y  h a d  a l l  d a i l y  e x ­
c r e t i o n  f i g u r e s  ab o v e  15 mgm. p e r  d a y .  One c h i l d  j 
show ed t h e  v e r y  h ig h  f i g u r e  o f  80 mgm. p e r  d a y ,  t h e  
r e s t  v a r i e d  f ro m  1 6 .5  mgm. t o  3 4 .2  mgm. T h is )  c h i l d  
was p a l e ,  p uny  and  an aem ic  (6 5 $  H aem o g lo b in ) and  



























































co Go pG aP  P 0© PP Po >
•d© o op G0 G ©rH p p











P  Tj 
O © 


































X) iH  
P  P  4-1 O 0 O C Q
>* O 13
P JQ 
























0 © *  *
P P  O O
PC £ c P  ►id id
0 o 0  o  • •
CO id CO id >  >
a
o o o o o c o o o o
l O O O l O t O V O OO O O  OatOtOC^C -^C^COCDtOO 
iH CO
• • • • • • • • •
O O O Q O O O O O O1 0 0 0 * 0 1 0 1 0 0 0 0 0i so > o co co co oo o »o
HliHrHi—IrHiHCOCO
tO tQ ^*tO lO lO tO tO G O O
• • • •
O O O O O O O O O Ql o o t o t o t o t o o o t o t o
cotococococococococo
To low  t o  
e s t i m a t e •
a
to
O f^  O f c**0 O f Of *6 0-f
t-C O C O C '-t-C D lO tO C O C O
t O ^ tO C D O - C D O S O H C O  
























h y p o v i ta m in o s i s  h a d  b e e n  e x p e c te d  a l th o u g h  h i s  d i e t a r y  
h i s t o r y  was s a t i s f a c t o r y .  C a r e f u l  e x a m in a t io n  r e ­
v e a le d  n o  c a u s e  f o r  h e r  u n d e r -&e v e lo p m e n t u n t i l  s e p a -  
: r a t e  n i g h t  and  m o rn in g  s p e c im e n s  o f  u r i n e  w ere  o b ta in e d  
: and  th e n  a  s m a l l  q u a n t i t y  o f  F e h lin g *  s  r e d u c in g  s u b -  
| s t a n c e  was fo u n d  to  b e  c o n s t a n t l y  p r e s e n t  i n  t h e  
m o rn in g  s a m p le .  A b lo o d  s u g a r  t e s t  show ed a  r a i s e d  
b lo o d  s u g a r  w i th  s lo w  r e t u r n  t o  n o rm a l f o l l o w in g  th e  
a d m i n i s t r a t i o n  o f  g l u c o s e .  T h is  c a s e  i s  i n t e r e s t i n g  ; 
i n  v ie w  o f  t h e  f i n d i n g  o f  v i t a m in  C d e f i c i e n c y  i n  
a s s o c i a t i o n  w i th  d i a b e t e s  r e c o r d e d  b y  some a u th o r s  
( P f l e g e r  an d  S c h o l l  L a n c e t  1937 v o l .  I I ,  p . 1384; and 
W e in e r  A r o h iv .  i n n e r e  M e d iz in  1 9 3 7 , v o l .  3 1  N o .4 .)
I <*R0PP
G roup  2  c o n s i s t s ,  a s  e x p la in e d ,  o f  c h i l d r e n  s u f f e r -  
| i n g  f ro m  o r  c o n v a le s c e n t  fro m  m e a s le s . T hey w ere  
! f u r t h e r  d iv id e d  i n t o  s u b -g r o u p s  ( s e e  p a g e  19 ) .
I
| A t o t a l  o f  59 c h i l d r e n  w e re  exam ined  and  i n  26 o f
ii
| t h e s e  h y p o v i ta m in o s i s  0 was d e t e c t e d .
The r o u t i n e  m ethod  o f  e x a m in a t io n  d e s c r i b e d  on 
p a g e s  5/ - 2 T was f o l lo w e d  i n  a l l  c a s e s .
!
S u b -g ro u p  A . c o n s i s t s  o f  b o y s  and  g i r l s  b e tw e e n
5 -1 0  y e a r s  o l d .  T hey  w ere  a l l  ex am in ed  
o n ly  a f t e r  th e y  h a d  b e e n  tw e n ty - f o u r  h o u r s  a p y r e x i a l .  
The e x a m in a t io n  commenced on  th e  s e v e n th  d a y  a f t e r  
t h e  f i r s t  a p p e a ra n c e  o f  t h e  r a s h .
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I The r e s u l t s  o b ta in e d  show ed a  s t r i k i n g  d i f f e r e n c e
I
t o  th o s e  o f  G roup 1 . None o f  t h e s e  c h i l d r e n  show ed 
a  s u f f i c i e n t l y  h i g h  e x c r e t o r y  r a t e  t o  o m it t h e  s a t u r a ­
t i o n  t e s t .  O n ly  tw o  c h i l d r e n  show ed a  s a t i s f a c t o r y  
r e s p o n s e  a f t e r  t h e  s e c o n d  t e s t  d o s e .  T he o t h e r  t e n
| r e q u i r e d  a  v a r y in g  num ber o f  t e s t  d o s e s  f ro m  5 t o  10
1
| (T a b le  2 p a g e  2 8 a  ) T h e se  t e n  a l l  r e q u i r e d  m ore
|
! t h a n  tw o t e s t  d o s e s  and t h e r e f o r e  show ed v a r y in g  d e -  
! g r e e s  o f  h y p o v i t a m in o s i s  0 .
The e f f e c t  o f  d i e t  was a g a in  o b v io u s .  Of t h e  tw o 
; o h i l d r e n  who show ed a  s a t i s f a c t o r y  u r i n a r y  r e s p o n s e
!  j
j a f t e r  t h e  se c o n d  t e s t  d o s e ,  one was an  o n ly  c h i l d  and
i  |
j  1
i was r e c e i v i n g  l i b e r a l  g i f t s  o f  f r u i t  f ro m  h e r  many
j!
I r e l a t i v e s  and  th e  o t h e r  w as a  b o y  p a s s i o n a t e l y  fo n d  jj
o f  f r u i t  e s p e c i a l l y  o r a n g e s .  On t h e  o t h e r  h a n d  t h e  j 
tw o  c h i l d r e n  who r e q u i r e d  t h e  l a r g e s t  num ber o f  t e s t  j 
d o s e s  w e re  b o t h  o f  p o o r  f a m i l i e s .  One a  b o y  a g e d  6 j
i
who r e q u i r e d  2000 mgm. c e v i t a m ic  a c id  t o  p ro d u c e  t h e  j
|
r e q u i r e d  r e s p o n s e  an d  a  g i r l  ag ed  8 t o  whom 2 ,5 0 0  mgmj 
w ere  a d m i n i s t e r e d .  T h e i r  c a l c u l a t e d  d e f i c i e n c i e s  w er$  
1 ,5 0 0  and  2 ,0 0 0  mgm. r e s p e c t i v e l y .
Of t h e  tw e lv e  c h i l d r e n  exam ined  t e n  t h e r e f o r e  
show ed d e m o n s t r a b le  h y p o v i ta m in o s i s  0 .
S u b -g ro u p  B ♦
S u b -g ro u p  B w as com posed o f  15 b o y s  and  
g i r l s  o f  a g e s  b e tw e e n  5 -1 1  y e a r s  ex am in ed  I 
b y  t h e  r o u t i n e  m ethod  14 d a y s  a f t e r  t h e  f i r s t  a p p e a r - j  
a n c e  o f  t h e  r a s h .  j
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One b o y  (a g e d  8 ) show ed a  h ig h  d a i l y  e x c r e t o r y  
I r a t e  ( 2 5 .2  mgm.) and  n o  f u r t h e r  t e s t  was c o n s id e r e d  
;n e c e s s a r y .  H is  a t t a c k  o f  m e a s le s  h a d  b e e n  m ild  and
I
; h i s  p a r e n t s  w ere  i n  good w o r k in g - c la 3 s  c i r c u m s ta n c e s .
I He was a n  o n ly  c h i l d .
!
| One o t h e r  c h i l d  re s p o n d e d  t o  t h e  f i r s t  t e s t  d o s e
I
la n d  f o u r  t o  t h e  s e c o n d .  A f u r t h e r  n in e  w ere  exam ined  
; and  show ed c a l c u l a t e d  d e f i c i e n c i e s  fro m  200 -  1800 
mgm. a s c o r b i c  a c i d .  (The a c t u a l  num ber o f  t e s t  d o s e s  
r e q u i r e d  f o r  e a c h  c h i l d  i s  show n i n  t h e  t a b l e  (3 )  on  
p a g e  2 9 a) .
Two o f  t h e s e  c h i l d r e n  show ed h ig h  d e g r e e s  o f  
I d e f i c i e n c y  1 ,5 0 0  an d  1 ,8 0 0  mgm. and  i n  b o th  t h e s e  j 
|c a s e s  t h e  f a m i l i e s  w ere  l a r g e  an d  p o o r .
I n  t h i s  s u b -g ro u p  t h e r e f o r e ,  n in e  o f  f i f t e e n  
show ed v i t a m i n  C s u b n u t r i t i o n .  j
S u b -g ro u p  0 . I
i
A g a in  15 c h i l d r e n  w e re  e x a m in e d , o f  e i t h e i f
j
s e x ,  a g e s  f ro m  5 - 1 0 .  The r o u t i n e  examina-j- 
t i o n  was commenoed 28 d a y s  a f t e r  t h e  f i r s t  a p p e a ra n c e  j 
o f  t h e  r a s h .
Two b o y s  show ed a  s a t i s f a c t o r y  d a i l y  e x c r e t o r y  
r a t e  and  t h e  s a t u r a t i o n  t e s t  was o m i t te d  and  a  f u r th e i f  
tw o  re s p o n d e d  h a n d so m e ly  t o  t h e  f i r s t  t e s t  d o s e .
A l l  t h e s e  c h i l d r e n  w ere  r e c e i v i n g  d i e t s  h ig h  i n  j
v i t a m in  0 and  one o f  them  h ad  b e e n  r e c e i v i n g  a  t e a -  j
i
s p o o n f u l  o f  H a l i b u t  o ra n g e  q . i . d .  a t  h i s  m o th e r ’ s
j
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\ i n s t i g a t i o n .  S t i l l  a n o th e r  s i x  c h i l d r e n  show ed no
j
j d e f i c i e n c y  a s  th e y  a l l  r e s p o n d e d  t o  t h e  s eco n d  t e s t  
| d o s e .  Of t h e  f i v e  t h a t  re m a in e d  t h r e e  show ed m ild  
d e g r e e s  o f  h y p o v i ta m in o s i s  C (2 5 0 ,  500  and  500  mgm.) 
a n d  tw o show ed h i g h  d e g r e e s  (1 ,2 0 0  and  2 ,8 0 0 ) .  I t  i s
| s i g n i f i c a n t  t h a t  t h e  l a s t  tw o , b o th  b o y s ,  a g a in  came
ij
j  f ro m  v e ry  p o o r  f a m i l i e s .
| Of t h e s e  f i f t e e n  c h i l d r e n  t h e r e f o r e  f i v e  showed
some d e g r e e  o f  h y p o v i ta m in o s i s  0 .
S u b -g ro u p  D .
S u b -g ro u p  D c o n s i s t s  o f  s i x t e e n  b o y s  and  i
I g i r l s ,  a g e s  f ro m  5 - 1 1  y e a r s  ex am in ed  8 I
| !
j w eeks a f t e r  t h e  f i r s t  a p p e a ra n c e  o f  th e  r a s h .  !I !
j  |
j Two show ed h ig h  d a i l y  e x c r e t o r y  f i g u r e s  an d  t h e  i
| | 
s a t u r a t i o n  t e s t  was deem ed u n n e c e s s a r y .  Of t h e  r e s t , |
s i x  re s p o n d e d  t o  t h e  f i r s t  t e s t  d o s e  and  f i v e  t o  t h e  j
j
s e c o n d .  A n o th e r  g av e  a  v e r y  d o u b t f u l  r e s p o n s e  t o  th e  Ij
s e c o n d  t e s t  d o s e  and  t h e r e f o r e  th o u g h  a  b o r d e r l i n e  I
ii
c a s e  i s  o l a s s e d  a s  h a v in g  t a k e n  t h r e e  t e s t  d o s e s  t o j
g iv e  a  s a t i s f a c t o r y  r e s p o n s e .  The r e m a in in g  t h r e e  j 
r e q u i r e d  3 ,  4  and  8 t e s t  d o s e s  r e s p e c t i v e l y  and a l l  
t h e r e f o r e  show ed d e f i c i e n c y .  T h e i r  c a l c u l a t e d  v i t a m in  
l a c k  w as 2 0 0 , 800 and 1 ,5 0 0  mgm. i n  t h a t  o r d e r .
T h e r e f o r e  t h r e e  o f  t h e  s i x t e e n  c h i l d r e n  i n  t h i s  \
|
g ro u p  w ere  i n  a  su b n o rm a l s t a t e  o f  v i t a m i n  0 n u t r i t i o r j .
!
I t  i s  o f  s p e c i a l  I n t e r e s t  t o  n o te  t h a t  f o u r  o f  |
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t h e  c h i l d r e n  ex am in ed  i n  G roup 1 (N o rm a ls )  and  who 
l a t e r  c o n t r a c t e d  m e a s le s  when th e y  w ere  a g a in  e x a m in e d , 
t h r e e  o f  th em  show ed a  d e f i n i t e  h y p o v ita ra o s e s  C .
They a r e  m ark ed  w i th  an  a s t e r i s k  i n  t h e  r e s p e c t i v e  
t a b l e s  i -
T a b le  N o . l  p .  (N orm al c h i l d r e n ) N o s . 1 1 ,1 8 ,1 4 ,1 7 *
* " 2 p .  ( a t  7 d a y s )  N o. 6 .
" » 3 p ,  ( a t  14 * ) N o s . 2 ,  8 .
n * 4  p .  ( a t  28 * ) N o. 1 2 .
GROUP 3 .
; j . j -
*
j G roup 3 c o n s i s t s  o f  c h i l d r e n  sh o w in g  c a m p lic a j-
| t i o n s .  The in c i d e n c e  o f  c o m p l ic a t io n s  th r o u g h o u t  t h e  I 
S !
I e p id e m ic  was lo w . A few  o f  t h e  c a s e s  d e v e lo p in g  com -j 
! ! 
p l i c a t i o n s  w ere  ex am in ed  a t  v a r i o u s  i n t e r v a l s  f ro m  th ^
f i r s t  a p p e a ra n c e  o f  t h e  r a s h  • They a l l  show ed d e f i n i t e
d e g r e e s  o f  h y p o v i ta m in o s e s ,  b u t  a s  t h e  c o m p l ic a t io n
i n  e v e r y  c a s e  was c a p a b le  o f  c a u s in g  a n  i n c r e a s e d
u s a g e  o f  t h e  v i t a m in  i t  i s  n o t  p o s s i b l e  t o  s u rm is e
w h e th e r  t h e  c o m p l ic a t io n  o r  t h e  h y p o v i ta m in o s e s  came
f i r s t .  T he r e s u l t s  a r e  t a b l e d  o n  p a g e  o p p o s i t e
( T a b le  0) f o r  i n t e r e s t .
CHAPTER V.
DISCUSSION OF RESULTS.
H a r r i s ,  Simon* K e l ly  (3 1 )  and  o t h e r s  (1 7 )  h a v e  
d raw n  a t t e n t i o n  t o  t h e  r e l a t i v e  f r e q u e n c y  o f  h y p o -  
v i ta r n in o s e s  0 e s p e c i a l l y  among3t  t h e  p o o r e r  c l a s s e s .  
T h is  a r e a  i s  o ne  o f  t h e  m o st " d e p r e s s e d ” i n  t h e  
B r i t i s h  I s l e s  and  s in c e  d i e t a r y  d e f i c i e n c i e s  a r e  
a lm o s t  a lw a y s  acco m p an im en ts  o f  econom ic  d i s t r e s s  i t  
seem s r e a s o n a b le  t o  s u s p e c t  h y p o v i t a r a in o s e s . S c h o e d e r ,  
H ard e  (A) an d  o t h e r s  h a v e  d e m o n s tr a te d  t h a t  p y r e x i a  
and  i n f e c t i o n s  g r e a t l y  i n c r e a s e  t h e  u s a g e  o f  v i t a m i n  ]I
i
C . S in c e  t h e s e  p e o p le  a r e  on t h e  w h o le  to o  p o o r  t o  j
j
aug m en t t h e i r  d i e t  d u r in g  d i s e a s e  t o  m eet t h e  a d d -  |i
i
i t l o n a l  r e q u i r e m e n ts  i t  seem s p o s s i b l e  t h a t  t h e  o c c u r f  
r e n c e  o f  a n  e p id e m ic  o f  i n f e c t i o u s  d i s e a s e  w o u ld  i n -  j 
c r e a s e  t h e  i n c id e n c e  and  s e v e r i t y  o f  s u c h  h y p o v i ta m in fj
o s e s .  T h e se  s u p p o s i t i o n s  a c c o r d  w e l l  w i t h  t h e  a c t u a l  
f i n d i n g s  i n  t h i s  i n v e s t i g a t i o n .
I n  g ro u p  1 , o f  t w e n t y - th r e e  a p p a r e n t l y  n o rm a l 
c h i l d r e n  s e l e c t e d  a t  ran d o m , tw o show ed d e f i n i t e  
v i t a m i n  0 s u b n o r m a l i t y ,  i * e .  a lm o s t  10$  so  t h a t  h y p o -  
v i t a m in o s e s  C a p p e a r s  t o  b e  n o t  uncommon am ongst t h e  
n o rm a l c h i l d r e n  o f  t h e  a r e a .  T he p e r c e n ta g e  a p p e a r s  
t o  b e  h ig h  b u t  i t  h a s  t o  b e  rem em bered  t h a t  t h e s e  w er£  
c h i e f l y  c h i l d r e n  o f  p o o r  f a m i l i e s .  The p e r c e n ta g e  
in c i d e n c e  o f  v i t a m i n  0 s u b n u t r i t i o n  i s  h o w ev e r g r e a t l j r  
i n c r e a s e d /
i n c r e a s e d  i n  t h e  c h i l d r e n  exam ined  s u b s e q u e n t  t o  a n  
i a t t a c k  o f  m e a s le s .  T h e se  c h i l d r e n  c o n s t i t u t e d  G roup
j
j 2 and o f  58 ex am in ed  a t  v a r io u s  s t a g e s  o f  c o n v a le s c e n c e
j
| 26 show ed d e f i n i t e  v i t a m in  0 s u b n o r r a a l i ty  -  i . e . n e a r l y
j h a l f  o f  t h e  c h i l d r e n  exam ined  -  5 0 $ .  T h is  g r e a t  i n -
|
! c r e a s e  i n  t h e  i n c id e n c e  o f  h y p o v i ta ra in o s e s  C f o l lo w in g  
: m e a s le s  i s  e v e n  m ore s t r i k i n g  i f  G roup 1 and  s u b -g ro u p  
A a r e  co m p a re d . T h e se  g ro u p s  c o n s i s t  o f  n o rm a l 
c h i l d r e n ,  and  c h i l d r e n  exam ined  7 d a y s  a f t e r  th e  f i r s t  
a p p e a r a n c e  o f  t h e  r a s h ,  r e s p e c t i v e l y .  I n  t h e  f i r s t  
t h e  i n c id e n c e  o f  s u b n o r m a l i ty  was 10$ ,  i n  t h e  s e c o n d  
| i t  w as 80$  -  t e n  o f  tw e lv e  c h i l d r e n  ex am in ed  sh o w in g  j 
i d e f i n i t e  v i t a m in  0 d e f i c i e n c y .
I j
To e x p l a i n  t h i s  g r e a t  r i s e  i n  t h e  p e r c e n ta g e
i I
| i n c i d e n c e  o f  v i t a m in  0 s u b - n u t r i t i o n  t h e r e  i s  n o th in g !
| e x c e p t  t h e  a t t a c k  o f  m e a s l e s . The c h i l d r e n  w ere
| e s s e n t i a l l y  o f  s i m i l a r  s o c i a l  p o s i t i o n  e t c .  T h e i r  
| | 
d i e t s  h a d  b e e n  a l t e r e d  i n  n o  way w h a ts o e v e r .  I t  i s
I
h e r e  i n t e r e s t i n g  t o  r e c a l l  t h a t  f o u r  c h i l d r e n  w ere  
ex am in ed  i n  G roup  1 and  fo u n d  t o  b e  i n  a  s a t i s f a c t o r y  
s t a t e  o f  v i t a m i n  0 n u t r i t i o n ,  t h e y  l a t e r  c o n t r a c t e d  
m e a s le s  an d  w hen a g a in  ex am in ed  t h r e e  o f  them  showed j 
a p p r e c i a b l e  s u b n o r m a l i t y ,  ( s e e  p ag e  32 )
H a r r i s  an d  Hay (1 1 )  h a v e  made th e  s u g g e s t i o n  t h a t  
t h e  b o d y  n o r m a l ly  h a s  a  r e s e r v e  s t o r e  o f  v i t a m in  0 j  
p re s u m a b ly  t o  m ee t t im e s  o f  i n c r e a s e d  dem and o r  low
|
i n t a k e .  ( I t  seem s p r o b a b le  t h a t  t h e  c l a s s i c a l  s i g n s |  
a n d /  |
and  sym ptom s o f  v i t a m in  C d e f i c i e n c y  do  n o t  a r i s e  
u n t i l  t h i s  r e s e r v e  h a s  b e e n  d e p l e t e d  and  th e  b o d y  
r e q u i r e m e n ts  f o r  c e l l  m e ta b o lis m  c a n  n o  l o n g e r  b e  m e t . 
B e f o r e  t h i s  s t a g e  i s  f i n a l l y  r e a c h e d  t h e r e  i s  h o w ev er 
, t h e  i n t e r m e d i a t a r y  p e r i o d  iftien d e f i c i e n t  i n t a k e  i s  
s u p p le m e n te d  f ro m  b o d y - r e s e r v e s  -  v i t a m in  C n u t r i t i o n  j 
i s  now s u b - o p t im a l  -  t h i s  s t a g e  p r o b a b ly  c o r r e s p o n d s  
t o  s u b - c l i n i c a l  s c u rv y  -  t h e  s t a t e  o f  v i t a m in  C 
n u t r i t i o n  o f  t h e  body  i s  s u b -n o rm a l b u t  t h e r e  a r e  n o  I 
s i g n s  o r  sym ptom s o f  t h e  d e f i c i e n c y  a s  th e  a c t u a l  
t i s s u e  r e q u i r e m e n ts  f o r  c e l l  m e ta b o lis m  a r e  s t i l l  m e t .)
I f  t h e n  t h e  d i e t  o f  a  g iv e n  i n d i v i d u a l  i s  j u s t  
s l i g h t l y  i n  e x c e s s  i n  v i t a m in  c o n t e n t  o f  h i s  d a i l y  
! r e q u i r e m e n t s  and h i s  b o d y  r e s e r v e  s t o r e  f u l l  -  h e  w i l l  
j l i v e  i n  a  s t a t e  o f  e q u i l i b r i u m  and  o f  o p t im a l  v i t a m in
1 C n u t r i t i o n  w i th  h i s  d a i l y  r e q u i r e m e n ts  m et and  h i s  j
j |
| r e s e r v e  " u n to u c h e d ” • I f  t h e r e  i s  now a  su d d e n  l a r g e
j  i n c r e a s e  i n  h i s  d a i l y  r e q u i r e m e n t s ,  h i s  i n t a k e  r e -
i
I m a in in g  a s  b e f o r e ,  t h i s  i n c r e a s e d  dem and m u st b e  m et 
| b y  d ra w in g  u p o n  h i s  b o d y  r e s e r v e s  w h ic h  w i l l  g r a d u a l l y  
la n d  p r o g r e s i v e l y  becom e d e p l e t e d .  I f  t h i s  i n c r e a s e d
I i
dem and c e a s e s  b e f o r e  h i s  b o d y  r e s e r v e s  a r e  e n t i r e l y  j
i
e x h a u s te d  ( i . e .  w h i le  h e  i s  s t i l l  i n  t h e  a sy m p to m a tic  j
j
s t a g e  o f  s u b n u t r i t i o n )  an d  h i s  i n t a k e  re m a in s  a s  b e ­
f o r e ,  h e  w i l l  now a g a i n  b e  a t  e q u i l i b r i u m  h i s  i n t a k e  
b e in g  o n c e  m ore a d e q u a te  f o r  h i s  d a i l y  r e q u i r e m e n ts  -  
b u t  now a t  e q u i l i b r i u m  w i th  h i s  r e s e r v e  g o n e  -  h i s  
s t o r e s /
s t o r e s  d e p l e t e d .  The r a t e  a t  w h ich  h e  r e t u r n s  t o  h i s  
f o rm e r  o p t im a l  s t a t e  w i l l  d ep en d  t h e o r e t i c a l l y  
d i r e c t l y  u p o n  th e  r e l a t i o n s h i p  b e tw e e n  h i s  v i t a m in  C 
i n t a k e  and d a i l y  r e q u i r e m e n ts  ( s i n c e  any  e x c e s s  o f  
r e q u i r e m e n t  h a s  b e e n  fo u n d  to  b e  r e t a i n e d  by  th e  
b o d y  -  p re su m a b ly  t o  r e p l e n i s h  t h e  d e p l e t e d  r e s e r v e s . )  
I f  t h i s  e x c e s s  i s  h ig h  h e  w i l l  r e t u r n  r a p i d l y  t o  h i s  
f o rm e r  s t a t e ,  i f  low  h e  w i l l  r e t u r n  s lo w ly .  A p p lie d  
t o  a  num ber o f  i n d i v i d u a l s  i n  whom s u b - n u t r i t i o n  o f  
v i t a m i n  C h ad  b e e n  d e t e c t e d  f o l lo w in g  an  i n f e c t i o u s  
d i s e a s e  t h i s  p r i n c i p l e  w ould  i n d i c a t e  t h a t  t h e  i n c i -  i 
d e n c e  o f  h y p o v i ta m in o s i s  0 w ou ld  d e c l i n e  a t  a  r a t e  i n j
d i r e c t  r e l a t i o n s h i p  t o  t h e  am ount o f  a s c o r b i c  a c i d  in !
j
t h e  d i e t .  I f  t h e r e f o r e  t h e  g r e a t l y  i n c r e a s e d  i n c id e n c e  
! o f  h y p o v i ta m in o s e s  f o l l o w in g  m e a s le s  r e t u r n s  o n ly  ii I
; s lo w ly  t o  n o rm a l i t  seem s r e a s o n a b le  t o  c o n c lu d e  t h a t |
1 t h e  d i e t  o f  t h e  c h i l d r e n  ex am in ed  i s  in a d e q u a te  i n
i
| v i t a m i n  0 t o  m ee t t h e  i n c r e a s e d  u s a g e  o f  t h e  v i t a m in
i
j d u r in g  m e a s le s  -  and  a l3 0  in a d e q u a te  t o  r e t u r n  t h e s e  
| c h i l d r e n  r a p i d l y  t o  a  s a t i s f a c t o r y  s t a t e  o f  v i t a m in  C 
i n u t r i t i o n  on ce  t h e  a t t a c k  o f  m e a s le s  h a s  p a s s e d .i
| T h e se  o b s e r v a t i o n s  w ere  fo u n d  t o  c o in c id e  w i t h  I
i I
j t h e  r e s u l t s  o b ta in e d  i n  t h e  i r v  e s t i g a t i o n s  • The
| g r e a t l y  i n c r e a s e d  I n c id e n c e  o f  v i t a m i n  C s u b n o r m a l i tyi
!
h a s  b e e n  m e n tio n e d  (p a g e  34  ) • F o llo w e d  th r o u g h  th e  
c o n v a le s c e n c e  i t  was fo u n d  t h a t  t h e  s u b n o r m a l i ty  p e r ­
s i s t e d ,  i n  c e r t a i n  o f  t h e  c h i l d r e n  e x a m in e d , f o r  a  
l o n g /
37a •
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Weeks f ro m  com m encem ent o f  i l l n e s s  •
G roup  1 (H) N orm al c h i l d r e n 2 i n 22 show ed h y p o v i ta m in o s i s 0 = 9$
Sub -g ro u p  A(A) a t  7 d a y s 10 i n 12 it tt n = 83$
S u b -g ro u p  B(B) a t  14 * 9 i n 15 it tt ft = 60$
S u b -g ro u p  0 ( 0 ) a t  28 • 5 i n 15 tt tt tt = 33$
S u b -g ro u p  0 (D ) a t  5 6  • 3 i n 16 n tt tt = 18$
lo n g  t im e  a f t e r  t h e  a t t a c k  o f  m e a s le s .  I t  was f u r t h e r  
fo u n d  t h a t  t h e  p e r c e n ta g e  in c id e n c e  o f  v i t a m in  C s u b -  
n u t r i t i o n  g r a d u a l l y  and  p r o g r e s s i v e l y  d e c l i n e d  a s  
c o n v a le s c e n c e  le n g th e n e d  (S e e  g ra p h s  o p p o s i t e ) .
I n  s u b -g ro u p  A, t e n  o f  tw e lv e  c h i l d r e n  exam ined  7 d a y s  
a f t e r  t h e  f i r s t  a p p e a ra n c e  o f  t h e  r a s h ,  showed s u b -  
n u t r i t i o n  -  a p p r o x im a te ly  8 0 $ . I n  s u b -g ro u p  B , n i n e :  
o f  f i f t e e n  c h i l d r e n  ex am in ed  a t  14 d a y s  show ed d e ­
f i c i e n c y  -  a p p r o x im a te ly  6 0 $ . I n  s u b -g ro u p  0 f i v e  ; 
o f  f i f t e e n  exam ined  a t  28 d a y s  -  a p p r o x im a te ly  33$
and  i n  s u b -g ro u p  D , t h r e e  o f  s i x t e e n  c h i l d r e n  ex am in ed
|
a t  2 m o n th s  show ed s u b n o r m a l i ty  -  a p p r o x im a te ly  20$ .  j
!
So t h a t  a l th o u g h  h y p o v i ta m in o s e s  C i s  p r e s e n t  am ongst | 
t h e  c h i l d r e n  o f  t h i s  a r e a  lo n g  a f t e r  m e a s le s  i t s  i n -  j
: i
c id e n c e  g r a d u a l l y  and  p r o g r e s s i v e l y  w a n e s . As d e -  | 
f i c i e n c y  i n  v i t a m in  C i s  g e n e r a l l y  assum ed  a s  b e in g  
d i r e c t l y  d u e  t o  d i e t a r y  l a c k  i t  seem s r e a s o n a b le  t o  
: c o n c lu d e  t h a t  t h e  d i e t  o f  t h e s e  c h i l d r e n  i n  i n s u f f i c -  
i i e n t  i n  v i t a m in  C t o  m ee t t h e  i n c r e a s e d  u s a g e  d u r in g  
j  m e a s le s .
I !
The i n c id e n c e  o f  h y p o v i ta m in o s e s  i n  a l l  g ro u p s  j 
seem s t o  b e  s u r p r i s i n g l y  h ig h  so  t h a t  a l l  c a l c u l a t i o n ^ ,
|  i
| t i t r a t i o n s  e t c .  w ere  c a r e f u l l y  c h e c k e d  and  y e t  no  
f a l l a c y  was d e t e c t e d .  I t  i s  t o  b e  rem em bered  h o w ev er 
t h a t  t h i s  was r e a l l y  a n  e x a m in a t io n  o f  t h e  p o o r e r  
c l a s s e s  o f  a  p o o r  a r e a  s o  t h a t  th e  d e g r e e  o f  v i t a m in  
C s u b - n u t r i t i o n  i s  n o t  p e rh a p s  r e a l l y  h i g h e r  t h a n  
m ig h t /
38.
m ig h t b e  e x p e c te d .  " S u b - c l i n i c a l  s c u rv y  h a s  b e e n  
e s t im a te d  t o  ru n  a s  h i g h  a s  22 p e r  c e n t ,  among th e  
p o o r e r  c h i l d r e n  o f  New Y o rk " . (E ddy  and D a l l d o r f  -  
The A v ita m in o s e s  p .  198 l i n e  11) w h i le  G o th l in  fo u n d  
2 0 -2 5  p e r  c e n t  am ongst t h e  p o o r e r  s c h o o l  c h i l d r e n  o f  
N o r th e r n  Sweden ( 8 ) .
I t  m ust o f  c o u r s e  be  s t a t e d  t h a t  t h e  s u g g e s t io n  
t h a t  v i t a m in  C s u b n u t r i t i o n  i s  n o t  i n f r e q u e n t  among 
t h e  p o o r e r  c l a s s e s  o f  t h i s  c o u n t r y  i s  by  n o  m eans 
g e n e r a l l y  a c c e p t e d .  As l a t e  a s  1934 McCance i n  a  
l e c t u r e  a t  K in g 1 s H o s p i t a l  s a i d  o f  v i t a m in  C 
" • • • • •  e v e ry o n e  n e e d s  i t ,  b u t  f o r t u n a t e l y  n e a r l y  
e v e ry o n e  i n  t h i s  c o u n t r y  g e t s  i t  and  g e t s  enough  o f  
i t " .  (M cC ance. The p r e v e n t i v e  A s p e c ts  o f  M e d ic in e  
b y  v a r i o u s  a u t h o r s ,  p .  1 1 0 . )
Two p o s s i b l e  s o u r c e s  o f  e r r o r  i n  t h e  m ethod  u s e d  
f o r  d e t e c t i o n  o f  s u b n u t r i t i o n  i n  t h i s  p a p e r  h a v e  t o  
b e  c o n s i d e r e d .  The f i r s t  -  t h e  p r e s e n c e  o f  o t h e r  
s u b s t a n c e s  i n  t h e  u r i n e  b e s id e s  1 - a s c o r b i c  a c id  c a p a b le  
o f  r e d u c in g  6 :2  d i o h l o r o - p h e n o l - in d o - p h e n o l .  Though 
s u c h  s u b s ta n c e s  d o  e x i s t  i n  n o rm a l u r i n e  ( s u c h  a s  
t h i o - s u l p h a t e ,  e r g o t h io n i n e )  H a r r i s  ( 1 1 ) ,  T i l lm a n s  
and  many o t h e r s  c o n s id e r  t h a t  p r o v id e d  p r o p e r  c a r e  
i s  t a k e n  i n  t h e  p r e s e r v a t i o n  o f  s a m p le s  and  t o  th e  
d e t a i l s  o f  t i t r a t i o n  t h e  q u a n t i t y  o f  t h e s e  s u b s ta n c e s  
I s  s o  s m a l l  a s  t o  b e  o f  l i t t l e  p r a c t i c a l  s i g n i f i c a n c e .  
I n  t h i s  c o n n e c t io n  a n  a d v a n ta g e  o f  t h e  s a t u r a t i o n  t e s t ,  
m ay /
may b e  m e n tio n e d  -  s i n c e  t h i s  t e s t  d e p e n d s  u p o n  th e  
d e m o n s t r a t io n  o f  a  l a r g e  q u a n t i t y  o f  a s c o r b i c  a c id  i n  
t h e  u r i n e  f o l l o w in g  t h e  a d m i n i s t r a t i o n  o f  th e  t e s t  
d o s e  ( o r  d o s e s )  t h e  p r o p o r t i o n  o f  s u c h  o t h e r  s u b s ta n c e s  
e v e n  i f  p r e s e n t  w i l l  b e  much s m a l l e r  an d  t h e r e f o r e  o f  i 
much l e s s  s i g n i f i c a n c e  t h a n  when th e  e s t i m a t i o n  o f  
t h e  a v e ra g e  q u a n t i t y  o f  a s c i r b i c  a c id  e x c r e t e d  d a i l y  
i s  b e in g  u s e d .
S in c e  c r i t i c i s m  h a s  b e e n  l e v e l l e d  a t  t h e  m ethod 
u s e d  f o r  p r e s e r v i n g  th e  a s c o r b i c  a c id  i n  u r i n a r y  
s a m p le s  ( s e e  p a g e  22 ) i t  m u st b e  a d m i t te d  t h a t  i f  j 
g r o s s  l o s s  o f  t h e  a c 2d  d i d  o c c u r  t h e  r e s u l t s  o b ta in e d  j 
w ould  b e  e r r o n e o u s .  B u t H a r r i s  and  A b b asy  a f t e r  
c a r e f u l  t e s t i n g  c o n s id e r  t h a t  t h e  m eth o d  i s  a d e q u a te  
f o r  t h e  p u rp o s e  f o r  w h ich  i t  i s  a d v o c a te d .  B u rro w s
j
I and  F le m in g  o n ly  d e t e c t e d  a  l o s s  o f  2 2#> a f t e r  s a m p le s  i 
I h a d  b e e n  s t a n d i n g  f o r  t w e n ty - f o u r  h o u r s  w h e re a s  i n  
! t h e  p r e s e n t  w ork  th e y  w ere  n e v e r  a l lo w e d  to  s ta n d  
l o n g e r  t h a n  f o u r  h o u r s ;  a l s o  t h e  c r i t i c i s m  o f  t h e s e  
a u th o r s  was l e v e l l e d  c h i e f l y  a t  t h e  u s e  o f  s u lp h u r i c
I a c i d  a s  a  p r e s e r v a t i v e .  H e re  a g a in  th e  a d v a n ta g e  o f
i ;
! t h e  s a t u r a t i o n  t e s t  i s  s e e n  f o r  s in c e  i t  d e p e n d s  upon!
| : 
i j
| t h e  d e m o n s t r a t io n  o f  a  g r o s s  d i f f e r e n c e  i n  t h e  q u a n -  j
I t i t y  o f  a s c o r b i c  a c i d  e x c r e t e d  i n  t h e  t w e n ty - f o u r
i
| h o u r s  b e f o r e  and  a f t e r  t h e  t e s t  d o s e  -  t h e  l o s s  o f
i
a c i d  w i l l  n o t  a p p r e c i a b l y  a f f e c t  t h e  r e l a t i v e  d i f f e r ­
e n c e  b e tw e e n  th e  q u a n t i t y  o f  t h e  a c i d  i n  t h e  tw o 
! s a m p le s .
The s e c o n d  f a c t o r  f o r  c o n s i d e r a t i o n  i s  t h e  
a b s o r p t i o n  o f  a s c o r b i c  a c i d .  A lth o u g h  a d m i n i s t r a t i o n  
o f  t h e  a c i d  o r a l l y  h a s  b e e n  t h e  m eth o d  u s e d  i n  num erous 
i n v e s t i g a t i o n s  u p o n  h y p o v i ta m in o s i s  C ( H a r r i s ,  A b b asy , 
P a u l  W ood, A r c h e r ,  E llm a n n  e t c . )  t h e r e  i s  some r e a s o n  
t o  b e l i e v e  t h a t  t h e  v i t a m i n  so  a d m in i s t e r e d  i s  n o t  
a lw a y s  w e l l  a b s o rb e d  (E ddy  and  D a l l d o r f . The A v ita m in r  
o s i s  p .  1 9 7 ) .  I n t r a v e n o u s  i n j e c t i o n  o f  c e v i t a m ic  
a c i d  h a s  b e e n  u s e d  b y  N e u w e ile r  ( 2 1 ) and  o t h e r s  t o  
o b v i a t e  t h i s  d i f f i c u l t y  b u t  i n t r a v e n o u s  i n j e c t i o n  was ; 
n o t  p r a c t i c a b l e  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  and  i t  
i s  e x t r e m e ly  c o s t l y .
H o w ev er, t h e  f a c t  t h a t  a l l  t h e  c a s e s  o f  h y p o -  
v i t a m in o s e s  C d e t e c t e d  d u r in g  th e  i n v e s t i g a t i o n  w e re
s o o n e r  o r  l a t e r  c o r r e c t e d  s u c c e s s f u l l y  b y  t h e  o r a l
| * |
| a d m i n i s t r a t i o n  o f  c e v i t a m ic  a c id  (a n d  a  s a t i s f a c t o r y  j
I j
j h ig h  u r i n a r y  e x c r e t i o n  o b ta in e d )  w o u ld  seem  t o  i n -  j  
j  d i c a t e  t h a t  a t  l e a s t  a  l a r g e  p r o p o r t i o n  o f  t h e  a c i d
i
j w as a b s o r b e d .  The r e s u l t s  a r e  c a l c u l a t e d  on  t h e  
| a s s u m p tio n  t h a t  a l l  t h e  a c i d  a d m in i s t e r e d  i s  a b s o rb e d  ►
| I t  i s  s t a t e d  t h a t  t h e r e  i s ,  i n  c e r t a i n  h y p o -c h ro m .ic  j
j
a n a e m ia s , a  d im in is h e d  a b s o r p t i o n  o f  m in e r a l  e le m e n ts  j
i
a s  a  r e s u l t  o f  a c h l o r h y d r i a . W h e th e r s i m i l a r  v a g a r i e s
{
o f  a b s o r p t i o n  e x i s t  f o r  1 - a s c o r b i c  a c id  h a s  n o t  so  
f a r  b e e n  d e te r m in e d  b u t  e v e n  i f  t h e y  d i d  t h i s  f a c t  
w ou ld  o n ly  a f f e c t  t h e  r e s u l t s  o f  t h e  t e s t s  u s e d  i n  
t h e  i n v e s t i g a t i o n  a s  f a r  a s  d e g r e e  and  a c t u a l  i n ­
c i d e n c e /
i n c id e n c e  o f  h y p o v i ta m in o s i s  C a r e  c o n c e r n e d .  I t  !
c o u ld  h a r d l y  b e  c o n s id e r e d  t o  p ro d u c e  an  i n c r e a s e d  
i i n c id e n c e  f o l lo w in g  m e a s le s  o r  t o  a f f e c t  t h e  r e t u r n  
| o f  t h a t  i n c r e a s e d  in c id e n c e  t o  t h e  p r e v io u s  s t a n d a r d .
: ' |
I The d i r e c t  c o n n e c t io n  b e tw e e n  t h e  d i e t  and  th e  j
i  i
d e v e lo p m e n t o f  h y p o v i ta m in o s i s  C was r e f l e c t e d  th r o u g h ­
o u t  t h e  i n v e s t i g a t i o n  and  s u c h  c o n n e c t io n  seem s 
f u r t h e r  t o  s u p p o r t  t h e  a d e q u ac y  o f  t h e  t e s t s  u s e d  
s i n c e  c h i l d r e n  on  d i e t s  low  i n  v i t a m i n  C show ed s u b -  j
i
n o rm a l n u t r i t i o n  i n  t h a t  f a c t o r  w h i le  c h i l d r e n  on  I
j
h i g h  v i t a m in  C d i e t s  show ed no  su b  - n o r m a l i t y .
!A s h o r t  r e f e r e n c e  t o  t h e  t a b l e s  w i l l  d e m o n s t r a te  t h i s  
j r e l a t i o n s h i p .
! I n  t h e  f i r s t  g ro u p  (p a g e  2 6 )  th o s e  c h i l d r e n  who
j
I d i d  n o t  r e q u i r e  t e s t  d o s e s  t o  e s t a b l i s h  t h e  s a t i s -  
j f a c t o r y  n a t u r e  o f  t h e i r  v i t a m in  C n u t r i t i o n  h a d  good 
! s u p p l i e s  o f  t h e  v i t a m in  i n  t h e i r  d i e t s .  C o n v e r s e ly  
t h e  tw o b o y s  sh o w in g  h y p o v i ta m in o s e s  C w ere  o f  p o o r  
| f a m i l i e s  and  show ed a  d i e t  o f  v e r y  low  v i t a m in  C c o n -  
| t e n t .  A g a in  i n  s u b -g ro u p  A . (p a g e  28 ) t h e  o n ly  tw o 
c h i l d r e n  sh o w in g  n o  d e f i c i e n c y  7 d a y s  a f t e r  t h e  f i r s t  
a p p e a r a n c e  o f  t h e  r a s h ,  w e re  r e c e i v i n g  e x c e p t i o n a l l y  
h i g h  am o u n ts  o f  t h e  v i t a m in  w h i le  th o s e  a t  t h e  o t h e r  
en d  o f  t h e  t a b l e  h ad  c o r r e s p o n d in g ly  low  d i e t a r y  
c o n t e n t  o f  a s c o r b i c  a c i d .  The sam e r e l a t i o n s h i p  
b e tw e e n  d i e t  c o n t e n t  o f  v i t a m i n  C and  d e v e lo p m e n t o f  
s u b - n u t r i t i o n  i n  t h a t  f a c t o r  i s  e v id e n c e d  i n  t h e  
r e s t /
| r e s t  o f  t h e  t a b l e s  n o t  o n ly  i n  S e c t io n  1 b u t  a l s o  i n  j
I S e c t io n  I I  ( t h e  i n v e s t i g a t i o n s  i n  p r e g n a n c y ) .
|
j C lo s e ly  a s s o c i a t e d  w i th  t h e  ab o v e  o b s e r v a t io n
ii
I com es t h e  r e l a t i o n s h i p  o f  t h e  eco n o m ic  s t a t u s  o f  t h e
j h o u s e h o ld  t o  t h e  d e v e lo p m e n t o f  v i t a m in  C d e f i c i e n c y  k
j  I
| and  a s  i s  t o  b e  e x p e c te d  b y  f a r  t h e  g r e a t e r  p e r c e n ta g e
i j
| o f  t h e  c h i l d r e n  sh o w in g  d e f i c i e n c y  came fro m  p o o rj *
: h o u s e h o ld s .  To many o f  t h e s e  p e o p le  f r u i t  i n  any  fo rm  
e v e n  to m a to e s  i s  c o n s id e r e d  m ore a s  a  lu x u r y  th a n  a s  
a  n e c e s s i t y  o f  d i e t  and  t h i s  c o u p le d  w i th  t h e  f a c t  
t h a t  d u r in g  th e  w i n t e r  good  f r u i t  i s  e x p e n s iv e  and j
j  c h e a p  f r u i t  u n a t t r a c t i v e  seem s t o  h a v e  a  v e r y  a d v e r s e  I
| • {
| e f f e c t  u p o n  t h e  d i e t  e s p e c i a l l y  t h a t  p a r t  o f  t h e  d i e t !
| w h ic h  s u p p l i e s  a s c o r b i c  a c id  s o  t h a t  d u r in g  t h e  w in t e r
I
| a t  l e a s t  t h e r e  i s  d a n g e r  o f  them  d e v e lo p in g  d e f i c i e n c y .
| A lth o u g h  t h i s  d i e t a r y  in a d e q u a c y  m ig h t b e  c o r r e c t e d  b y  
a  l i b e r a l  s u p p ly  o f  t h e  v e g e t a b l e s  o f  h ig h  v i t a m in  0 
c o n t e n t  n am e ly  c a b b a g e  and s p in a c h ;  t h e s e  v e g e t a b l e s  j 
a r e  n o t  e a t e n  t o  any  e x c e s s .  A lso  i f  th e y  a r e  k e p t  
a t  room  t e m p e r a tu r e  -  a t  home o r  i n  t h e  sh o p  -  f o r  
any  l e n g t h  o f  t im e  th e y  l o s e  m uch o f  t h e  v i t a m i n  C ;
c o n t e n t  (E ddy and  D a l l d o r f ) • F u r t h e r  a l s o  much o f  j 
t h e  v i t a m i n  may b e  l o s t  i n  c o o k in g  th r o u g h  o x i d a t i o n ,  j 
d e s t r u c t i o n  b y  s a l t s  a d d e d ,  o r  b y  s o l u t i o n  i n  t h e j
w a te r  I n  w h ich  t h e  v e g e t a b l e  i s  co oked  and  w h ich  i s  
u s u a l l y  d i s c a r d e d .
M uch/
Much s t r e s s  h a s  f o r  some t im e  b e e n  l a i d  u p o n  t h e  |
I
v a l u e  o f  v i ta m in s  A and  D b y  th e  m e d ic a l  p r o f e s s i o n  
an d  b y  c o m m e r c i a l 'a d v e r t i s e r s  o f  f o o d s t u f f s .
The h ig h  c o n te n t  o f  f r e s h  b u t t e r  o f  t h e s e  v i t a m in s  
; i s  known b y  t h e  p u b l i c  and  th o s e  o f  th e m , who g iv e  I
I c o n s i d e r a t i o n  i n  t h e i r  f a m i l y  b u d g e t  t o  th e  known j
r e q u i r e m e n ts  o f  good h e a l t h  a p p e a r  t o  h a v e  a  d i s -  j
p r o p o r t i o n a t e  v ie w  o f  t h e  v a lu e  o f  f r e s h  b u t t e r  a s  
o p p o sed  t o  f r e s h  f r u i t  -  s o  t h a t  th e y  a r e  a p t  t o  |
i
p u r c h a s e  f r e s h  b u t t e r  i n  p r e f e r e n c e  t o  f r u i t  w h ic h  Ii
th e y  c o n s id e r  a  l u x u r y .  I f  v i t a m in  C d e f i c i e n c y  i s  
a s  p r e v a l e n t  a s  h a s  b e e n  s u g g e s te d  b y  some a u th o r s  -  
m a r g a r in e  and  f r e s h  f r u i t  w i th  d o s e s  o f  co d  l i v e r  o i l  
j  m ig h t p e rh a p s  b e  a  m ore s u c c e s s f u l  m ethod o f  s u p p ly in g
j e s s e n t i a l s  t o  a  l a r g e  f a m i ly  w i t h  a  s m a l l  incom e*
|
| T h ro u g h  t h e  i n v e s t i g a t i o n  c a r e f u l  o b s e r v a t i o n  was
j made o f  a l l  c h i l d r e n  sh o w in g  v i t a m in  C d e f i c i e n c y  i n
I
{
| a n  a t t e m p t  t o  d e t e c t  any  f r e q u e n t l y  r e c u r r i n g  s ig n
1I
| o r  sym ptom  w h ich  m ig h t g iv e  a  c l u e  a s  t o  t h e  c o n d i t io n *
|
| T h is  s c r u t i n y  a p p l i e d  n o t  o n ly  t o  n o rm a l c h i l d r e n  b u t  
j a l s o  t o  t h e  c h i l d r e n  who h a d  h a d  m e a s le s ,  f o r  th o u g h  
i t h e  f a c t  t h a t  t h e  c h i l d  h a d  r e c e n t l y  s u f f e r e d  fro m  \I I
m e a s le s  m ig h t p a r t l y  d e t r a c t  f ro m  th e  v a l u e  o f  s u c h  a  
c l u e ,  i f  o b t a i n e d ,  i f  t h e  s i g i  o f  symptom  r a p i d l y  
d i s a p p e a r e d  on  t h e  a d m i n i s t r a t i o n  o f  a s c o r b i c  a c id  
t h e n  t h e  i n f e r e n c e  w ould  b e  t h a t  i t  w as due t o  t h e  
d e f i c i e n c y /
d e f i c i e n c y  i n  t h a t  f a c t o r  and n o t  a  s p e c i f i c  " a f t e r ­
e f f e c t *  o f  m e a s le s .  N o th in g  o f  v a lu e  was h o w ev er 
e l i c i t e d .  Many o f  t h e  c h i l d r e n  w ere  t i r e d  and  l i s t ­
l e s s  -  m ore so  t h a n  c h i l d r e n  o f  s i m i l a r  h i s t o r i e s  b u t  
sh o w in g  no  d e f i c i e n c y .  Some c o m p la in e d  o f  v ag u e  p a i n s ,  
some th o u g h  b r i g h t  i n  t h e  m o rn in g  t i r e d  a s  t h e  d ay  
p a s s e d .  A few  a p p e a re d  p e r f e c t l y  n o r m a l .  I t  i s  
i n t e r e s t i n g  to  n o t e  t h a t  i n  n o n e  w as g i n g i v i t i s  d e ­
t e c t e d  e x c e p t  w here  i t  w as a s s o c i a t e d  w i th  o ne  o r  m ore 
g r o s s l y  c a r i o u s  t e e t h  an d  th e  s i g n i f i c a n c e  th e r e b y  
o b s c u r e d .  I t  seem ed t h a t  t h e  o n ly  way t o  b e  c e r t a i n  ;
I
t h a t  s u b - n u t r i t i o n  d id  n o t  e x i s t  was t o  a p p ly  one j
|
o f  t h e  r e c o g n i s e d  t e s t s  f o r  i t s  d e t e c t i o n .  The m o st 
r e l i a b l e  i n d i c a t i o n s  w ere  p r o v id e d  b y  t h e  d i e t a r y  
h i s t o r y  an d  th e  c h i l d ’ s  g e n e r a l  h e a l t h  and  i f  e i t h e r  
o f  t h e s e  w as u n s a t i s f a c t o r y  i t  was p r u d e n t  t o  a p p ly  
a  t e s t ,  t h e  r e s u l t s  o f  w h ic h  w ere  o f t e n  s u r p r i s i n g .
CHAPTER VI.
CONCLUSIONS.
Prom  t h e  r e s u l t s  o b ta in e d  i t  seem s r e a s o n a b le  t o  
I c o n c lu d e  t h a t  s -
! (1 )  H y p o v i ta m in o s is  C i s  p r e s e n t  am o n g st t h e  a p p a r -  j 
e n t l y  n o rm a l c h i l d r e n  o f  t h i s  a r e a .
(2 )  T h a t t h e r e  i s  an  a p p r e c i a b l e  i n c r e a s e  i n  t h e  
i n c id e n c e  o f  h y p o v i ta m in o s i s  f o l l o w in g  m e a s le s  
i n  c h i l d r e n  o f  t h e  sam e a r e a .
(5 )  T h a t t h e  d i e t  o f  th e  p o o r e r  c h i l d r e n  o f  t h i s
ii
a r e a  i s  to o  low  i n  v i t a m in  C d u r in g  a n  a t t a c k  
o f  m e a s le s  an d  t h e  c o n v a le s c e n c e ,  t o  m ee t th e  
i n c r e a s e d  u s a g e  o f  th e  v i t a m i n  so  t h a t  t h e  
e f f e c t s  o f  t h i s  i n c r e a s e d  u s a g e  a r e  d e t e c t a b l e  
i f o r  some t im e  f o l lo w in g  t h e  a t t a c k  o f  m e a s le s .
i
j
j  SUMMARY.i —   
|
I
| 1* An i n v e s t i g a t i o n  h a s  b e e n  c o n d u c te d  i n t o  t h e  
; s t a t e  o f  v i t a m in  0 n u t r i t i o n  o f  t h e  p o o r e r
j c h i l d r e n  o f  t h i s  a r e a  ( a )  n o rm a l (b )  f o l l o w in g
m e a s le s ,  u s in g  t h e  s i m p l i f i e d  u r i n a r y  s a t u r a t i o n  
t e s t  t o  d e t e c t  a s c o r b i c  a c i d  d e f i c i e n c y .
2 .  Of 23 n o rm a l c h i l d r e n  3 show ed h y p o v i ta m in o s i s  C .
3 .  O f 12 c h i l d r e n  ex am in ed  7 d a y s  a f t e r  t h e  f i r s t




4 .  Of 15 c h i l d r e n  ex am in ed  14 d a y s  a f t e r  th e  f i r s t  j
!
a p p e a ra n c e  o f  t h e  r a s h  9 show ed h y p o v i ta m in o s i s  0 •
5 .  Of 15 c h i l d r e n  exam ined  28 d a y s  a f t e r  t h e  f i r s t  
a p p e a ra n c e  o f  t h e  r a s h  5 show ed h y p o v i ta m in o s i s  (f•
6 .  Of 16 c h i l d r e n  ex am in ed  2 m o n th s  a f t e r  t h e  f i r s t  j 
a p p e a ra n c e  o f  t h e  r a s h  5 show ed h y p o v i ta m in o s i s  ( | .
7 .  A l l  t h e  c h i l d r e n  w i th  c o m p l ic a t io n s  t h a t  w e re  ! 
exam ined  show ed h y p o v i ta m in o s i s  0 .
SECTION II




N e u w e lle r  o f  Bern©  (5 2 )  h a s  d e m o n s tr a te d  t h a t  a  
l a r g e r  q u a n t i t y  o f  v i t a m in  C i s  r e q u i r e d  b y  a  p r e g n a n t  
t h a n  a  n o n - p r e g n a n t  woman t o  m a in ta in  h e r  v i t a m in  C 
n u t r i t i o n  a t  t h e  optim um  l e v e l  • Two y e a r s  l a t e r  
B u c h e r  o f  Z u r ic h  (5 3 )  c o n f irm e d  t h e s e  r e s u l t s  w h ile  
i n v e s t i g a t i n g  th e  p o s s i b l e  c a u s e  o f  d e n t a l  o a r i e s  
o c c u r r i n g  d u r in g  p re g n a n c y  i n  S w i t z e r l a n d .  He d em o n sf 
t r a t e d  t h a t  d u r i n g  p re g n a n c y  a  much l a r g e r  d a i l y  i n -  |
iI
t a k e  o f  t h e  v i t a m i n  was r e q u i r e d  t o  m a in ta in  t h e  
1 u r i n a r y  e x c r e t i o n  r a t e  a t  e q u i l i b r i u m  a t  t h e  lo w e s t  
; q u a n t i t y  i n d i c a t i n g  s a t i s f a c t o r y  v i t a m in  C n u t r i t i o n ,  
n a m e ly  15 mgm. p e r  d a y .  ( H a r r i s )  t h a n  was r e q u i r e d
| t o  o b t a i n  th e  sam e e f f e c t  i n  t h e  n o n - p r e g n a n t  woman.
j
I He a l s o  fo u n d  t h a t  t h e  h e a l t h  o f  m o th e rs  o n  l a r g e  
| d o s e s  o f  v i t a m in  C was s u p e r i o r  t o  t h a t  o f  t h o s e  on  
i a v e r a g e  d i e t s  -  "n o  h e a l t h y  t o o t h  becam e c a r i o u s ,
|  j
! n o n e  o f  th e  women r e c e i v i n g  v i t a m i n  C becam e a n a e m ic , j 
| t h e y  s u f f e r e d  l e s s  f ro m  f a t i g u e ,  r h e u m a t ic  and  s a c r a l  j 
p a i n s  an d  th e y  w ere  much l e s s  s u s c e p t i b l e  t o  o h i l l s . "  j 
The d e m o n s t r a t io n  o f  h y p o v i ta m in o s is  C am ongst 
t h e  h o s p i t a l  c l a s s  i n  t h i s  c o u n t r y  h a s  b e e n  m e n tio n e d  
(p a g e  7 l i n e  6 ) and  th e  c o m p a ra t iv e  p o v e r ty  o f  t h e  
a r e a  i n  w h ic h  t h i s  i n v e s t i g a t i o n  was c o n d u c te d  h a s  
b e e n  d e s c r i b e d  (p a g e  9 ) .
THE OBJECT OF SECTION II.
H av in g  t h e  ab o v e  f a c t s  i n  m ind i t  was d e c id e d  t o
i n v e s t i g a t e s  -
( a )  The p r e s e n c e  o f  hypov  i t  am ino s e s  C am o n g st t h e  
n o n - p r e g n a n t  and  p r e g n a n t  women o f  t h i s  a r e a .
(b )  The p o s s i b l e  i n c r e a s e  i n  i n c id e n c e  i n  p r e g n a n t  
women a s  com pared  w i th  t h e  n o n - p r e g n a n t  women.
( c )  A t w h ich  o f  t h r e e  s t a g e s  o f  p re g n a n c y  th e  i n ­
c id e n c e  was h i g h e s t  s -
( a )  a t  t h e  f i f t h  m onth
(b )  a t  te rm
( c )  d u r in g  l a c t a t i o n .
METHOD OF INVESTIGATION.
The t e s t  a d o p te d  w as e s s e n t i a l l y  t h e  sam e a s  th a ^  
d e s c r i b e d  i n  S e c t io n  1 (p a g e s  12 -  16 ) n a m e ly  t h e  
s i m p l i f i e d  u r i n a r y  s a t u r a t i o n  t e s t  o f  H a r r i s  and 
A bbasy  ( 2 4 ) .  I n  th o s e  c a s e s  w h ic h  w ere  exam ined  
w h i le  i n  h o s p i t a l  a n  a t t e m p t  was made t o  e s t im a te  
t h e  d a i l y  e x c r e t i o n  o f  a s c o r b i c  a c i d  b e f o r e  t h e  t e s t  
d o s e  was a d m i n i s t e r e d .  F o r  t h i s  e s t i m a t i o n  t h e  s im p l i  
f i e d  p r o c e d u r e  o f  c o l l e c t i n g  3 - h o u r  sp e c im e n s  fro m  
8 a .m .  -  11 a .m .  a s  s u g g e s te d  b y  th e  sam e a u th o r s  w as 
u s e d .  No a t te m p t  was made t o  make a n  a c c u r a t e  e s t i ­
m a t io n  o f  t h e  v i t a m in  C n u t r i t i o n  a s  i t  seem ed im ­
p o s s i b l e  t o  ex am in e  a  s u f f i c i e n t  num ber o f  c a s e s  and  
a l s o /
49
a l s o  t h e  c o l l e c t i o n  o f  24  h o u r  sp e c im e n s  o f  u r i n e  b y  
p a t i e n t s  l i v i n g  a t  home i s  n o t  p r a c t i c a b l e  am ongst 
t h e  p o o r e r  c l a s s e s .  Even t h e  c a s e s  w h ic h  re m a in e d  i n  
h o s p i t a l  d u r in g  th e  t im e  th e y  w ere  b e in g  exam ined  w ere  
n o t  s o  i n v e s t i g a t e d  a s  t h e  c o l l e c t i o n  o f  t o t a l  d a i l y  
s p e c im e n s  o f  u r i n e  w as c o n s id e r e d  to o  much o f  a n  
i m p o s i t i o n  u p o n  th e  n u r s i n g  s t a f f  o f  a  s m a l l  o v e r ­
crow ded  h o s p i t a l  w ith  no  l a b o r a t o r y  a c co m m o d a tio n .
The a c t u a l  t e s t s  u s e d  w ere  t h e  sam e a s  th o s e  
d e s c r i b e d  i n  t h e  s e c t i o n  on  m e a s le s  and  a l l  t h e  p r e ­
c a u t i o n s  m e n tio n e d  t h e r e  w i t h  r e g a r d  t o  t h e  c o l l e c t i o r ^ ,
i
p r e s e r v a t i o n  and  t i t r a t i o n  o f  u r i n a r y  sa m p le s  w ere  
I o b s e r v e d .  F i r s t l y  i n  a  l i m i t e d  num ber o f  o a s e s  th e  
! d a i l y  e x c r e t o r y  r a t e  was e s t im a te d  and  t h e n  on  a l l  
t h e  s a t u r a t i o n  t e s t  was p e r fo r m e d .  I n  t h i s  c a s e  o f  
| c o u r s e  th e  a c t u a l  s i z e  o f  t h e  t e s t  d o s e  was much 
| l a r g e r  b u t  c o m p lie d  w i th  th e  s ta n d a r d  o f  a t  l e a s t  70 
jmgm. p e r  s to n e  o f  b o d y  w e i g h t .  800 mgm. o f  a s c o r b i c
j
I a c i d  (1 6  c r u s h e d  R edoxon t a b l e t s )  w as u s e d  f o r  a l l  
| c a s e s •
i
No a t t e m p t  was made t o  make th e  i n v e s t i g a t i o n  a  
r e p r e s e n t a t i v e  one o f  t h e  v a r i o u s  s o c i a l  s t r a t a  com -
ii
| p o s in g  t h e  p r a c t i c e  and  a g a in  a  d e f i n i t e  b i a s  was | 
p r e s e n t  i n  t h e  s e l e c t i o n  o f  c a s e s  to w a rd s  th e  p o o r e r  
c l a s s e s .  The c a s e s  ex am in ed  w ere  e i t h e r  r e s i d e n t  a t  
home o r  i n  h o s p i t a l  d u r in g  t h e  i n v e s t i g a t i o n .  The 
n o n - p r e g n a n t /
n o n - p r e g n a n t  women and  th e  women f i v e  m onths p r e g n a n t  j 
w e re  g e n e r a l l y  s p e a k in g  r e s i d e n t  a t  home and th e  women 
a t  te r m  o r  i n  t h e  p u e rp e r iu m  w ere  r e s i d e n t  i n  h o s p i t a l .  
The o a s e s  w e re  d iv id e d  i n t o  f o u r  g r o u p s s -  
G roup  1 . N o n -p re g n a n t  a p p a r e n t ly  n o rm a l women.
G roup  2 . Women 5 m o n th s  p r e g n a n t -  n o r m a l.
G roup 3 . Women a t  te r m . it
G roup 4 . Women i n  t h e  p u e rp e r iu m it
t h e s e was ad d ed a  s p e c i a l  g ro u p :  -
G roup 5 . Women d e v e lo p in g  c o m p l ic a t io n s  d u r in g
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GROUP 1 * N o n -p re g n a n t  Women*
Women a t t e n d i n g  t h e  s u r g e r y  f o r  v e r y  m in o r  
a i lm e n t s  w ere  u t i l i s e d  f o r  t h i s  i n v e s t i g a t i o n *  T hey  
c o n s i s t e d  o f  n u l l i p a r a e  an d  m u l t i p a r a e  a g e s  f ro m  
2 2 -5 8 .  21  w ere  e x a m in e d .
F iv e  show ed a  v e r y  h ig h  c o n c e n t r a t i o n  o f  a s c o r b i c  
a c i d  i n  a  c a s u a l  sp e c im e n  and n o  f u r t h e r  t e s t  was 
a p p l i e d .  The t i t r a t i o n  o f  c a s u a l  s p e c im e n  i s  n o t  
recom m ended b y  H a r r i s  (1 1 )  e t c . b u t  i n  t h e s e  c a s e s
j
t h e  c o n t e n t  o f  v i t a m in  C was s o  h ig h  a s  t o  make h y p o -  j
!
v i t a m in o s e s  C h i g h l y  im p r o b a b le .  jij
On t h e  r e s t  t h e  s a t u r a t i o n  t e s t  was p e r fo rm e d  and! 
a  v e r y  d e f i n i t e  r e s p o n s e  o c c u r r e d  t o  t h e  s t a n d a r d  t e s t !  
d o s e  o f  800 mgm. c e v i ta m ic  a c id  i n  a l l  b u t  one s u b je c t ! .  
T he r e s p o n s e s  v a r i e d * -  
fro m  2 1 .5  m g m # ^ 3 2 5 .5  mgm p e r  d ay  3 7 .5 $  o f  t h e  t e s t  d o s e  
t o  4 2 .3  m g m # 6 3 5 .5  mgm p e r  d a y  75# * n n
I n  o n ly  one c a s e  t h e r e f o r e  was v i ta m in  0 s u b -  
n u t r i t i o n  d e t e c t e d .  The s u b j e c t  r e q u i r e d  f i v e  t e s t  
d o s e s  b e f o r e  a  s a t i s f a c t o r y  u r i n a r y  r e s p o n s e  o c c u r r e d  
( a c t u a l l y  s i x  w ere  a d m in i s t e r e d  b u t  a s  t h e  s u b j e c t  j
i
v o m ite d  w i t h i n  a n  h o u r  o f  t a k i n g  one o f  t h e  t e s t  d o s e s  i
iI
t h i s  d o s e  was o m it te d  f ro m  th e  c a l c u l a t i o n  a s  i t  w as I
im p o s s ib le  t o  s a y  w h e th e r  o r  n o t  t h e  a s c o r b i c  a c id  h a d
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b e e n  a b s o r b e d . )  S h e , t h e r e f o r e ,  r e c e iv e d  4 ,0 0 0  mgm. 
o f  c e v i ta m ic  a c id  and  i f  1 ,6 0 0  mgm. ( t h e  am ount o f  tw d 
t e s t  d o s e s ,  w h ic h  may b e  r e q u i r e d  t o  g iv e  a  s a t i s ­
f a c t o r y  r e s p o n s e  e v e n  w i th  n o rm a l v i ta m in  C n u t r i t i o n )  
i s  s u b t r a c t e d  a  d e f i c i e n c y  o f  2 ,4 0 0  mgm. r e m a in s .
She was a  p o o r  woman who h a d  h a d  s e v e r a l  p r e g n a n c ie s  
i n  r a p i d  s u c c e s s io n  th o u g h  sh e  was n o t  a t  t h e  tim e  
p re g n a n t*  S he was an aem ic  (H b. 62$ Red c e l l s  
3 ,5 0 0 ,0 0 0 ) .  She was g iv e n  P e r r i  e t  Amm. C i t r a s  XXX 
g r s .  t . i . d  and  a d v is e d  t o  t a k e  an  o ra n g e  a  d a y .
On e x a m in a t io n  i n  f o u r  w eeks s h e  w as much im p ro v ed  -  
H b . 75$ Red c e l l s  4 ,2 2 0 ,0 0 0 .
Of t h e s e  tw e n ty -o n e  women o n ly  o ne  w as s u f f e r i n g  
f ro m  h y p o v i ta m in o s i s  C •
GROUP 2* Women 5 m o n ths p r e g n a n t *
T h is  g ro u p  was com posed o f  21  p r im ip a r a e  and 
m u l t i p a r a e  a g e s  fro m  2 1 - 3 4 .
I n  tw e lv e  o f  them  c a s u a l  sp e c im e n s  o f  u r i n e  w ere  
t i t r a t e d  a lm o s t  im m e d ia te ly  on b e in g  p a s s e d  b u t  t h e  
c o n c e n t r a t i o n  o f  t h e  v i t a m i n  was s o  s m a l l  t h a t  t h e  
r e s u l t s  w ere  ig n o re d *  A l l  c a s e s  i n  t h e  g ro u p  t h e r e f o r e  
r e c e i v e d  t e s t  d o s e s .  S ev en  re s p o n d e d  to  t h e  f i r s t  
t e s t  d o s e ,  tw e lv e  t o  t h e  s e c o n d ,  one t o  t h e  t h i r d ,  
and  one t o  t h e  s i x t h .  So t h a t  t h e  l a s t  tw o a lo n e  
shew ed  v i t a m in  0 s u b n o r m a l i t y .  Of t h e  f i r s t  s e v e n  
i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  f i v e  o f  th em  h a d  b e e n  
t a k i n g  h ig h  f r u i t  d i e t s  o f  t h e i r  own a c c o rd  i n  v ie w  o f  
t h e i r  p r e g n a n t  s t a t e .
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The tw o c a s e s  sho w in g  s u b n o rm a l i ty  h a d  p o o r  
d i e t a r y  h i s t o r i e s .  P r a c t i c a l l y  t h e i r  o n ly  p o s s i b l e  
s o u r c e  o f  t h e  v i t a m in  w as co oked  p o t a t o e s ,  t u r n i p s  
and  c a b b a g e ;  t i n n e d  f r u i t  o f  i n f e r i o r  q u a l i t y ,  and 
v e r y  o c c a s i o n a l l y  an  o r a n g e .
GROUP 3 .  Women a t  o r  n e a r  t e r m .
T h is  g ro u p  c o n s i s t e d  o f  21 women, m u l t i p a r a e  
and  p r i m i p a r a e ,  a g e s  f ro m  1 9 -3 3 . They w ere  m o s t ly  
a d m i t te d  t o  h o s p i t a l  b e c a u s e  o f  " u n s a t i s f a c t o r y  
h o u s in g  c o n d i t i o n s " .
A t f i r s t  a n  a t t e m p t  was made t o  a s c e r t a i n  t h e i r  
r a t e  o f  v i ta m in C  u r i n a r y  e x c r e t i o n  b u t  a s  t h e  d i e t s  
w e re  i n  no  way c o n t r o l l e d  t h e  f i g u r e s  o b t a i n e d ,  th o u g h  
lo w , w ere  o f  l i t t l e  a c t u a l  s i g n i f i c a n c e .  O n ly  e i g h t  
w e re  exam ined  b y  t h i s  p r o c e d u re  a s  u s u a l l y  l a b o u r  was 
im m in en t when t h e  p a t i e n t s  w ere  a d m it te d  t o  h o s p i t a l  
and  i t  was c o n s id e r e d  p r u d e n t  t o  p e r fo rm  t h e  s a t u r a ­
t i o n  t e s t  b e f o r e  t h e  o p p o r tu n i t y  was l o s t .  The r a t e s  
o f  u r i n a r y  e x c r e t i o n  o f  a s c o r b i c  a c id  o f  t h e s e  e i g h t  
w e r e : -
Q u a n t i ty  A s c o rb ic  A cid  C a lc u l a t e d  Q u a n t i ty  i n  
i n  3 h o u r  s p e c im e n . 24  h o u r  s p e c im e n . j
•30  mgm. 
.3 2  mgm. 
.3 4  •
2 .4  mgm 
2 .5 6  " 
2 .7 6  ■
.3 9  • 3 .1 2  •
41  • 3 .2 8  •
•4 1  ■ 3 .2 8  •
4 .2 8  •
























§ co f i - g
■P 0  










rH 4h 0 0 
p  o
0Ip 0 •O 0 6O to
p q s0.0+3 0 00 0 op 0 00S5H
>» 
Ti rH 
•H *HG O <
t>» O 
+3 *H













I s *p  S
-P 
0 














n  0 £ 0 ,d 0 
T3)q_< O  <p bO<p •H toq  0 iH 0 
















02 02 02 02 02 IO
o ?c  w
0to
<5
B B S  8  B B »
6
H  rH 10 rH O  •  •  •  • •
H  0 0 C - 0 - IS H  I
02 rH • •:
IO ^
O 2 H |O O > « O tO lQ C >- C '- t 0  02 02 02 H 020202020202





On t h e s e  and  on  a  f u r t h e r  t h i r t e e n  th e  s a t u r a t i o n  
t e s t  was p e rfo rm e d  u s in g  on s u c c e s s iv e  d a y s  t h e  t e s t  
d o s e  o f  800  mgm* u n t i l  a  s a t i s f a c t o r y  u r i n a r y  r e s p o n s e  
; o c c u r r e d .  P o u r  re s p o n d e d  t o  t h e  f i r s t  t e s t  d o s e ,  15 
j t o  t h e  s e c o n d , one t o  t h e  f o u r t h  and a n o th e r  t o  t h e  
j s i x t h *  The l a s t  tw o came b e lo w  th e  s t a n d a r d  a d o p te d  
; f o r  s a t i s f a c t o r y  v i t a m in  C n u t r i t i o n .  T hey  a p p e a re d  : 
t o  b e  i n  f a i r l y  good h e a l t h .  I n  one o f  them  ( s h e  
r e q u i r i n g  6 t e s t  d o s e s )  a  d e f i n i t e  l a c k  o f  v i t a m in  C 
b e a r i n g  s u b s ta n c e s  was e v id e n t  i n  h e r  d i e t .  She 
r a r e l y  a t e  o r a n g e s ,  n e v e r  to o k  lem on o r  g r a p e - f r u i t  
and  a t e  a l l  to m a to e s  " w e l l - f r i e d *  • I n  t h e  o t h e r  th e  j 
; p r o b a b le  c a u s e  o f  t h e  d e f i c i e n c y  re m a in e d  o b s c u re  a s  j 
j h e r  p r e s e n t  and p a s t  d i e t  seem ed t o  c o n t a i n  a  s a t i s -  
I f a c t o r y  q u a n t i t y  o f  t h e  v i t a m i n  C c o n t a i n i n g  f o o d -  j 
| s t u f f s .
| ; 
i I
I GROUP 4 .  Women ex am in ed  d u r in g  t h e  p u e r p e r iu m .
i
J A l l  t h e  women ex am in ed  i n  t h i s  g ro u p  w ere  i n
I
h o s p i t a l  and  i n  t h e  f i r s t  f o u r t e e n  d a y s  o f  t h e  p u e r -  
p e r iu m . None o f  t h e s e  c a s e s  h a d  b e e n  ex am in ed  p r e -  j 
v i o u s l y  d u r in g  t h e  p re g n a n c y  b e c a u s e ,  a s  e x p la in e d  in !  
S e c t io n  I  (p a g e  10 ) any  e x a m in a t io n  b y  t h e  s a t u r a t i o n  
t e s t  r e s u l t s  a u t o m a t i c a l l y  i n  t h e  c o r r e c t i o n  o f  any  
e x i s t i n g  d e f i c i e n c y . j
E le v e n  m u l t i p a r a e  and  p r im i p a r a e ,  a g e s  f ro m  20 
t o  32 w ere  e x a m in e d .
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F iv e  re s p o n d e d  to  t h e  f i r s t  t e s t  d o s e ,  f i v e  t o  
t h e  s e c o n d  t e s t  d o s e  and  o ne  t o  t h e  f i f t h .  The l a s t  
a l o n e ,  t h e r e f o r e ,  was s u f f e r i n g  fro m  v i t a m in  C s u b -  
i n o r m a l i t y .  She was a  l a r g e  f l a b b y  woman, n o t  v e r y  
ifo n d  o f  v e g e t a b l e s  o r  f r u i t ,  b u t  w i th  an  o th e r w is e  
j v o r a c io u s  a p p e t i t e .  (R e f e r e n c e  i s  a g a in  made t o  h e r  
on p a g e  56 ) .
GROUP 5 .  Women d e v e lo p in g  c o m p l ic a t io n s  d u r in g  
p re g n a n c y  o r  i n  t h e  p u e r p e r iu m .
em ergency
The l o c a l  h o s p i t a l  s e r v e s  a s  an  w g en o y  h o s p i t a l  j 
| f o r  m a t e r n i t y  c a s e s  o f  t h e  s u r r o u n d in g  d i s t r i c t  b u t
i
j n o rm a l c a s e s  a r e  a l s o  a d m i t te d  on a c c o u n t  o f  * * u n sa tis4
S
| f a c t o r y  h o u s in g  c o n d i t io n s * * . |
| The i n v e s t i g a t i o n  o f  t h i s  g ro u p  was o r i g i n a l l y  
[ :
| commenced i n  a n  a t t e m p t  t o  s e e  w hat i n f l u e n c e ,  i f  a n y j
| |
|v i t a m i n  C s u b n u t r i t i o n  h a d  u p o n  th e  i n c id e n c e  and!
j
|p r o g r e s s  o f  c o m p l i c a t i o n s .  So many c o m p l ic a t io n s  a r e  
ih o w ev e r a s s o c i a t e d  w i t h  to x a e m ia ,  i n f e c t i o n  o ri 1
I
c o n d i t i o n s  w h ic h  i n  th e m s e lv e s  c a u s e  a  g r e a t l y  i n ­
c r e a s e d  u s a g e  o f  v i t a m in  C ( 1 9 ) ,  t h a t  t h e  m eth o d s used! 
f o r  t h e  d e t e c t i o n  o f  a s c o r b i c  a c id  n u t r i t i o n  i n  t h e  
p r e s e n t  i n v e s t i g a t i o n  w ere  in a d e q u a te  f o r  t h i s  purpose! 
an d  t h e  o r i g i n a l  i n t e n t i o n  h ad  t o  b e  s a c r i f i c e d .
j
A few  c a s e s  w e re  exam ined  and  th e  r e s u l t s  a r e  o f
i n t e r e s t  and  th e y  a r e  r e c o r d e d  h e r e *
F i r s t l y /
F i r s t l y  M rs A, a l r e a d y  m e n tio n e d  i n  G roup 4
; (T a b le  N o .11 p a g e  5 4 a ,  N o .11 ) •  She h a d  a  p e r i n e a l
t e a r  a t  t h e  b i r t h  o f  h e r  c h i l d  w h ic h  was s u tu r e d
| im m e d ia te ly  b u t  g a v e  way on th e  f o u r t h  d a y  th o u g h  th e  
| *
| wound was a p p a r e n t l y  a s e p t i c  -  i t  h o w ev er a p p e a re d
i
I b lu e  an d  t h e  g r a n u l a t i o n  t i s s u e  was r a t h e r  s w o l le n  
I an d  o e d e m a to u s . On e x a m in a t io n  b y  t h e  s a t u r a t i o n  
t e s t  s h e  r e q u i r e d  5 t e s t  d o s e s  t o  g iv e  a  s a t i s f a c t o r y  
r e s p o n s e ,  so  t h a t  s h e  showed a  c a l c u l a t e d  d e f i c i e n c y  
o f  2 ,4 0 0  mgm. The. s u rg e o n  d e c id e d  t o  s t i t c h  t h e  
p e r in e u m  a g a in  and  t h i s  was d o n e  on th e  e ig h th  d a y .  !
; I
! On t h e  d a y  p r e v io u s  sh e  was g iv e n  8 re d o x o n  t a b l e t s  I
| I
| and  on e a c h  s u c c e e d in g  d ay  f o r  a  week 2 t a b l e t s  n i g h t  I
i  j
j and  m o rn in g . I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  
| r e p a i r  h e a l e d  w e l l  t h i s  t im e  and  s h e  was d i s c h a r g e d
I :
I f ro m  h o s p i t a l  i n  14 d a y s  f ro m  th e  seco n d  s t i t c h i n g .  
T h e re  was a  n o t i c e a b l e  c h a n g e  i n  t h e  a p p e a ra n c e  o f  j
t h e  wound f o l lo w in g  t h e  s e c o n d  r e p a i r ,  i t  b e in g  r e d  j
a s  o p p o sed  t o  t h e  p r e v io u s  b lu e  o ed em a to u s  a p p e a ra n c e ^
I
T h is  i s  r e m in i s c e n t  o f  t h e  d i f f e r e n c e  I n g a l l i s  dem ons4
|
t r a t e d  i n  e x p e r im e n ta l  a b d o m in a l wounds i n  s c o r b u t i c  
an d  w e l l - f e d  g u in e a  p ig s  (Lanm an T*H. and  I n g a l l i s  
T .H . 1937 A nn. S u r g .  1 0 5 , p . 6 1 8 .)
The s e c o n d  c a s e  was a  woman a t  t h e  s i x t h  m onth i
o f  p re g n a n c y  s u f f e r i n g  f ro m  s e v e r e  p r u r i t u s  v u lv a e  I
|
f o r  w h ich  no c a u s e  c o u ld  b e  d i s c o v e r e d  l o c a l l y . o r  j
g e n e r a l l y /  j
g e n e r a l l y .  On th e  a p p l i c a t i o n  o f  th e  s a t u r a t i o n  t e s t  
s h e  was fo u n d  to  h a v e  a  c a l c u l a t e d  d e f i c i e n c y  o f  
1 ,6 0 0  mgm. a s c o r b i c  a c i d .  She was g iv e n  2 R edoxon 
t a b l e t s  n i g h t  and m o rn in g  f o r  a  w eek (2 0 0  mgm. 
c e v i t a m ic  a c id )  and th o u g h  t h e  p r u r i t u s  d i d  n o t  d i s ­
a p p e a r  i t  was g r e a t l y  im p ro v e d . The s i g n i f i c a n c e  o f  
t h e  e f f e c t  o f  t h e  t a b l e t s  was h o w ev er o b s c u re d  f o r  
t h e  c o n d i t i o n  was s o  s e v e r e  a s  t o  make i t  im p o s s ib le  
n o t  t o  u s e  a l s o  l o c a l  a p p l i c a t i o n s : .
D u r in g  t h e s e  i n v e s t i g a t i o n s  f o u r  women d e v e lo p e d  
a c u te  m a s t i t i s  i n  t h e  p u e r p e r iu m , tw o o f  whom h ad  
show n a  d e f i c i e n c y  e a r l i e r  t o  t h e  p re g n a n c y  (T a b le s  
N o s • 9 and 1 0 )•
The o t h e r  tw o h a d  n o t  b e e n  ex am in ed  f o r  s u b -  
n u t r i t i o n  b e f o r e  p a r t u r i t i o n .  T h e i r  s t a t e  o f  v i t a m in  
0 n u t r i t i o n  d u r in g  t h e  m a s t i t i s  was n o t  ex am in ed  
b e c a u s e  i t  was c o n s id e r e d  t h a t  t h e  a s s o c i a t e d  p y r e x i a  
w o u ld  v i t i a t e  t h e  r e s u l t s .  *Redoxon* was a d m in is te re d , 
t o  a l l  t h e s e  women i n  d o s e s  o f  200 mgm. d a i l y  b y  m outh  
(2  t a b l e t s  n i g h t  and  m o r n in g ) .  B u t th o u g h  t h e i r  r e ­
c o v e r i e s  w e re  e n t i r e l y  s a t i s f a c t o r y  i t  was n o t  p o s s i b l e  
t o  s a y  t h a t  th e y  w ere  a c c e l e r a t e d  -  th o u g h  th e y  w ere  
q u ic k e r  t h a n  many t r e a t e d  b y  i d e n t i c a l  m eth o d s  b u t  
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D e f i n i t e  h y p o v i ta m in o s e s  C was d e t e c t e d  i n  t h e  
n o n - p r e g n a n t  an d  i n  t h e  p r e g n a n t  women o f  t h i s  a r e a  
(1  i n  22 i n  t h e  f o r m e r ,  5 i n  53 i n  th e  l a t t e r ) .
B u t t h e r e  was n o  a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  i n ­
c id e n c e  i n  t h e  tw o g r o u p s .  F u r t h e r  no  d i f f e r e n c e  was 
o b s e rv e d  i n  t h e  i n c id e n c e  o f  h y p o v i ta m in o s e s  C a t  t h e  
t h r e e  s t a g e s  o f  p re g n a n c y  i n v e s t i g a t e d ,  n a m e ly , a t
: t h e  f i f t h  m o n th , a t  te rm  and d u r in g  t h e  p u e r p e r iu m .
: The r e s u l t s  a r e  r a t h e r  s u r p r i s i n g  i n  v ie w  o f  t h e  p o o r
I f i n a n c i a l  c i r c u m s ta n c e s  o f  many o f  t h e  s u b j e c t s  and
|
■ o f  t h e  f i n d i n g s  o f  s e v e r a l  w o rk e rs  (3 2 )  (33.) •
I t  m u st b e  n o te d  h o w ev er t h a t  t h e  t e s t  d o s e  was
|
I l a r g e  (8 0 0  mgm. a s c o r b i c  a c i d )  and  f u r t h e r  t h a t  i f  
a  r e s p o n s e  o c c u r r e d  a f t e r  t h e  se c o n d  t e s t  d o s e  v i t a m in  
C n u t r i t i o n  was c o n s id e r e d  n o r m a l .  I t  was o b s e rv e d  
t h a t  m o st o f  t h e  n o n - p r e g n a n t  and  l a c t a t i n g  women 
r e s p o n d e d  t o  t h e  f i r s t  t e s t  d o s e ,  w h i le  t h e  g r e a t e r  
p r o p o r t i o n  o f  t h e  women ex am in ed  when f i v e  m on ths 
p r e g n a n t  o r  n e a r  te r m  r e q u i r e d  tw o  o r  m ore t e s t  d o s e s  
t o  g iv e  a  s i m i l a r  r e s p o n s e .  I f  t h e r e f o r e  one t e s t  
d o s e  i s  t a k e n  a s  an  a r b i t r a r y  s ta n d a r d  a  m arked  d i f ­
f e r e n c e  i s  e v id e n c e d  b e tw e e n  G roups 1 and  4  a s  o p p o se ^  
t o  G roup  2 and  3 a s  i s  show n i n  T a b le  N o. 13 p a g e  5 8 a  
T h i s /
59
T h is  seem ed t o  i n d i c a t e  t h a t  h ad  a  m ore d e t a i l e d  m ethod 
b e e n  u s e d  f o r  t h e  d e t e c t i o n  o f  h y p o v i ta m in o s e s  0 m ore 
: c a s e s  o f  s u b n o r m a l i ty  ( o f  m ild  d e g r e e )  w ould  h a v e  b e e n
j d e t e c t e d  am o n g st G roups 2 and  5* I n  t h i s  c o n n e c t io n
| ;
I i t  i s  i n t e r e s t i n g  t o  q u o te  f ro m  one o f  H a r r i s ’ s
| ' A  1
e a r l i e r  w r i t i n g s  -  " F o r  a n  a d u l t  o f  a v e r a g e  w e ig h t 
a  d o s e  o f  a b o u t  600 m g. seem s s u i t a b l e .  The r e s p o n s e  I 
j  w i l l  v a r y  a c c o r d in g  t o  t h e  " s t a t e  o f  s a t u r a t i o n " o f  
t h e  s u b j e c t ,  d e p e n d in g  u p o n  th e  am ount o f  v i t a m in  0 
i n  h i s  p a s t  d i e t .  I f  t h e  t e s t  d o s e s  show no a p p r e c i ­
a b l e  r e s p o n s e  -  i n d i c a t i n g  a  low  d e g r e e  o f  s a t u r a t i o n j -  
| f u r t h e r  i n f o r m a t io n  may b e  o b ta in e d  b y  g iv in g  a  second,
| d o s e  on t h e  n e x t  d a y ,  i n  o r d e r  t o  d i s t i n g u i s h  b e tw e e n  
| s e v e r e  and  m ore m o d e ra te  d e g r e e s  o f  v i t a m in  d e p r i v a -  
! t i o n "  -  t h i s  r e f e r s  t o  th e  t e s t  when th e  f u l l  tw e n ty - t
■ i
i f o u r  h o u r s  q u a n t i t y  o f  u r i n e  p a s s e d  f o l lo w in g  t h e  t e s t jj s
d o s e  i s  e x a m in e d . I t  w i l l  b e  rem em bered  t h a t  i n  t h i s  
i n v e s t i g a t i o n  t h e  s i m p l i f i e d  s a t u r a t i o n  t e s t  was u s e d  
o f  w h ic h  H a r r i s  s a y s  " a  r e s p o n s e  s h o u ld  o c c u r  u s u a l l y
I
j on t h e  f i r s t  an d  c e r t a i n l y  on t h e  se c o n d  d ay "  •
!
The i n f l u e n c e  o f  d i e t  i n  t h e  p r o d u c t io n  o f  s t a t e s  
o f  v i t a m in  C s u b n o r m a l i ty  was a g a in  o b v io u s  and  n o  I 
c a s e  o f  h ypov  i t  am in o s  i s  C was d e t e c t e d  w h ere  t h e r e  wasj 
a  s a t i s f a c t o r y  d i e t a r y  h i s t o r y .  j
Two p o s s i b l e  s o u r c e s  o f  f a l l a c y  c o n n e c te d  w i th  
t h e  t e s t  u s e d  f o r  t h e  d e t e c t i o n  o f  hypov i t  am inos i s  C 
i n /
00.
i n  t h i s  i n v e s t i g a t i o n  w ere  m e n tio n e d  i n  S e c t i o n  I .
They w ere  f i r s t l y ,  in a d e q u a c y  o f  t h e  m ethod  a d o p te d  
f o r  t h e  p r e s e r v a t i o n  o f  t h e  a s c o r b i c  a c id  i n  t h e
! u r i n a r y  sa m p le s  an d  s e c o n d ly  i r r e g u l a r i t i e s  i n  t h e
!
i
[ a b s o r p t i o n  o f  c e v i ta m ic  a c id  a d m in i s t e r e d  o r a l l y .
I I f  s u c h  f a c t o r s  w ere  o p e r a t i n g  t h e  te n d e n c y  w ould  b eI ■
| t o  i n c r e a s e  t h e  num ber o f  s u b j e c t s  sh o w in g  h y p o v i ta m in -  
; o s i s  C -  s i n c e  t h e s e  w e re  few  i t  i s  u n l i k e l y  t h a t  t h e  
m e n tio n e d  f a l l a c i e s  e v e n  i f  o p e r a b le  w ould  m a t e r i a l l y  
e f f e c t  t h e  s i g n i f i c a n c e  o f  th e  r e s u l t s  o b t a i n e d .
F u r t h e r  i t  i s  t o  b e  n o te d  t h a t  t h o s e  s u b j e c t s  
i n  whom h y p o v i t  am inos i s  C was d e t e c t e d  th e  d e f i c i e n c y  
w as o f  h ig h  d e g r e e  -  to o  s e v e r e  t o  a r i s e  p u r e l y  a s  i 
j e r r o r  d u e  t o  l o s s  o f  c e v i ta m ic  a c i d  b y  in a d e q u a te
i
I p r e s e r v a t i o n  o f  t h a t  f a c t o r .  S in c e  a c c e p te d  m eth o d s  j 
! o f  p r e s e r v a t i o n  w ere  u s e d  and s in c e  u r i n a r y  sa m p le sI ■I !
j w e re  t i t r a t e d  a t  t h e  v e r y  l a t e s t  w i t h i n  f o u r  h o u r s  o f  j 
b e in g  p a s s e d ,  t h e  l o s s  fro m  t h i s  s o u r c e  c o u ld  o n ly  
b e  o f  s l i g h t  d e g r e e .
j W ith  r e g a r d  t o  t h e  q u e s t io n  o f  t h e  a b s o r p t i o n  o f
a s c o r b i c  a c id  a d m in i s t e r e d  o r a l l y ,  i t  seem s p e r t i n e n t  
t o  o b s e r v e  t h a t  s i n c e  h i g h  u r i n a r y  r e s p o n s e s  w ere  
o b t a in e d  i n  a l l  s u b j e c t s  s o o n e r  o r  l a t e r ,  a b s o r p t i o n  ! 
h o w e v e r  s lo w  m u st h a v e  o c c u r r e d  s o  t h a t  t h e  e s s e n t i a l  j 
d i f f e r e n c e  b e tw e e n  a  s u b j e c t  who re s p o n d e d  a f t e r  t h e  
s e c o n d  t e s t  d o s e  and  o ne  who r e q u i r e d  m ore t h a n  t h a t  
n u m b er r e m a in s .
CONCLUSIONS.
H y p o v it  am inos i s  C i s  p r e s e n t  am ongst t h e  n o n ­
p r e g n a n t  and p r e g n a n t  women o f  t h i s  a r e a j a s  e s t im a te d  
| b y  t h e  s i m p l i f i e d  u r i n a r y  s a t u r a t i o n  t e s t  t h e  i n c i -II :
d e n o e  o f  h y p o v i ta m in o s e s  C i s  n o  g r e a t e r  am ongst 
p r e g n a n t  t h a n  i t  i s  am ongst n o n - p re g n a n t  women and 
f u r t h e r  t h a t  a s  ju d g e d  b y  t h e  same t e s t  t h e r e  i s  no  
I a p p r e c i a b l e  d i f f e r e n c e  i n  i n c id e n c e  o f  h y p o v i t  am ino s i s  
C a t  t h e  t h r e e  s t a g e s  o f  p re g n a n c y  i n v e s t i g a t e d ,  
n a m e ly  a t  t h e  f i f t h  m o n th , a t  te r m  and d u r in g  l a c t a ­
t i o n .
; \\ i| !! II I
SUMMARY. |
! !
An i n v e s t i g a t i o n  h a s  b e e n  c o n d u c te d ,  i n t o  t h e  j
| s t a t e  o f  v i t a m in  C n u t r i t i o n  o f  a  num ber o f  n o n -
j p r e g n a n t  and  p r e g n a n t  women o f  a  " d e p r e s s e d 11 a r e a ,
!  i
u s in g  t h e  s i m p l i f i e d  u r i n a r y  s a t u r a t i o n  t e s t .
1 . o f  t h e  n o n - p r e g n a n t  women i n v e s t i g a t e d
21  show ed n o  d e f i c i e n c y .
1 " h y p o v i ta m in o s is  0 .
2 .  o f  women p r e g n a n t  5 m o n th s
I
19 show ed n o  d e f i c i e n c y .
2 " h y p o v i ta m in o s is  0 .
3 .  o f  women a t  te r m  19 show ed no  d e f i c i e n c y .  j
1
2 * h y p o v i ta m in o s is  C • j
4 . o f  women d u r in g  l a c t a t i o n
10 show ed n o  d e f i c i e n c y .
1 * h y p o v i ta m in o s i s  0 .
APPENDIX.
METHODS FOR TESTING CAPILLARY RESISTANCE. !—— - r ,, |
G o t h l i n 1 a M ethod ( G o t h l i n ,  G .F . S k a n d . A rc h . f .
P h y s i o l .  2 2 5 , 1931)
A r u b b e r  arm  b an d  o f  t h e  k in d  u s e d  w i th  sphygm o-;
;  |
| m an o m ete rs  i s  p la c e d  a b o u t  t h e  arm and  i n f l a t e d  t o  a  j
j p r e s s u r e  l e s s  t h a n  th e  d i a s t o l i c  p r e s s u r e  o f  th e
p u l s e  ( G o th l in  u s e s  t h r e e  p r e s s u r e s ,  3 5 ,  50 and  60
m .m . H g . t o  make th e  t e s t  m ore q u a n t i t a t i v e ) .  The
p r e s s u r e  i s  m a in ta in e d  f o r  15 m in s .  To i n t e r p r e t  th e  j
t e s t  a  c i r c u l a r  a r e a  i s  im p r in te d  on th e  s k in  o v e r
i
t h e  a n t i c u b i t a l  f o s s a  w i th  a  r u b b e r  s tam p  and th e  |
num ber o f  p e t e c h i a e  i n  t h i s  a r e a  c o u n te d .  U s in g  a  
c i r c l e  o f  60 m .m . d i a m e te r  G o th l in  fo u n d  t h a t  h e a l t h y  
■ S c a n d in a v ia n s  h a d  f e w e r  t h a n  f i v e  p e t e c h i a e  when a  
p r e s s u r e  o f  50 m .m . H g . was u s e d .  More t h a n  e i g h t  
p e t e c h i a e  a r e  c o n s id e r e d  s u b -n o r m a l .
i ■I
I S e c t io n  Oup M ethod  (T he A v i ta m in o s i s .  Eddy and 
| D a l l d o r f  p .  313 2nd E d .)
"A s a t i s f a c t o r y  m ethod  i s  t o  u s e  a  s m a l l  b i c y c l e
pump c o n n e c te d  t o  a  m an o m eter and a  s m a l l  g l a s s  oup
! w h ic h  i s  p l a c e d  on t h e  s k i n  a r e a  t o  be  t e s t e d  and  by
i
m eans o f  w h ic h  v a r i o u s  n e g a t i v e  p r e s s u r e s  c a n  b e  
e x e r t e d  on  th e  c a p i l l a r i e s . "
V i ta m in /
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V ita m in  0 v a lu e  o f  common fo o d -a  t u f f s .
(A v e ra g e  v i t a m in  0 u n i t  ag e  p e r  100 gram s o f  f o o d ­
s t u f f  i n  I n t e r n a t i o n a l  u n i t s )
1 i n t e r n a t i o n a l  u n i t  = 0 .0 5  mgm. 1 - a s c o r b i c  a c i d .
I n t e r n a t i o n a l  u n i t s  
F o o d s t u f f . p e r  100 g ra m .
Almond 1 * 000
A p p le s  150
A p r i c o t s , f r e s h  80
d r i e d  200
A r t i c h o k e ,  G lobe  180
* J e r u s a le m  n i l
A s p a ra g u s , g r e e n  400
* b le a c h e d  400
B a n a n a  200
B a r l e y  n i l
B e a n s ,  d r i e d ,  p i n t  )
* K id n e y  )
* L im a f r e s h  ) n i l
)
• d r y  )
c a n n e d  )
)
h a r i c o t  )
B lu e b e r r y  230
B r u s s e l s  s p r o u t s  550
B u t t e r  n i l
O abbage 1 ,0 0 0
C a r r o t s  200
C a u l i f l o w e r  500
C e l e r y ,  g r e e n  150
Foodstuff. International units
per 100 grama»
C e l e r y ,  b le a c h e d 100
C h e r r i e s 75
C r a n b e r r i e s 250
C ucum bers 250
C u r r a n t s ,  b l a c k 3 ,9 0 0
D a t e s ,  d r i e d n i l
F i g s , f r e s h 40
w d r i e d n i l
G o o s e b e r r ie s 250
G ra p e s 35
G r a p e - f r u i t 650
L eek s 250
Lemons 805
Lemon j u i c e 1 ,0 0 0
L e n t i l s n i l
L e t t u c e ,  g r e e n 80
* b le a c h e d 70
M a n d a rin s 520
M elo n s 50
M ilk ,  w ho le 50
* sk im ) n i l  )
* d r i e d ))
* e v a p o r a te d
i
)
* c o n d e n se d
/
)
O n io n s 150
O ra n g e s 800
O ran g e  j u i c e 900
Foodstuff. International units
per 100 grams.
P a r s l e y 1 ,5 0 0
P a r s n ip s 550
P e a c h e s ,  w h i te 120
* y e l lo w 175
P e a r s 40
P e a s ,  g r e e n 400
n d r i e d n i l
P in e a p p le s n i l
P in e a p p le  j u i c e 200
P lum s 100
P o t a t o ,  sw e e t 100
11 w h i te 150
P r u n e s ,  d r i e d 160
R a d i3h 500
R a i s i n s n i l
R a s p b e r r i e s 350
R h u b arb 400
S p in a c h 1 ,0 0 0
S t r a w b e r r i e s 600
T a n g e r in e s 500
T o m a to e s , g r e e n 250
* r i p e 300
T u r n ip s 140
T u rn ip  g r e e n s 1 ,0 0 0
W a ln u ts n i l
W a te r c r e s s 1 ,0 0 0
W ate r m elo n 150
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F o o d s t u f f .
W h ea t, w ho le
* f l o u r
•  b ra n
B aco n
B re a d
C h e e se
C h ic k e n
C ream
Eggs
F i s h
F l o u r
H addock
Ham
A l l  m e a ts
D IET .
I n  t h e  ab o v e  t a b l e  a  d e t a i l e d  l i s t  o f  th e  common 
f o o d s t u f f s  and  t h e i r  v i t a m in  C o o n te n t  p e r  100 gram  
i s  g iv e n  (E ddy  and D a l l d o r f .  The A v i ta m in o s is  2nd 
E d . p .  3 1 8 ) .  I t  w i l l  b e  n o t i c e d  t h a t  th e  h i g h e s t  
v a l u e s  p e r  u n i t  w e ig h t  a r e  s u p p l i e d  b y  b l a c k  c u r r e n t s  , 
o r a n g e /
I n t e r n a t i o n a l  u n i t s  
p e r  100 g ra in s .
)
)





o ra n g e  j u i c e ,  p a r s l e y ,  lem on j u i c e ,  c a b b a g e ,  s p in a c h , I  
t u r n i p  g r e e n s ,  w a t e r c r e s s ,  a lm o n d s , o ra n g e s  and lem on^ 
i n  t h i s  o r d e r .  T h a t b r e a d ,  a l l  m e a ts ,  a l l  f i s h ,  c h e e s e ,  
c rea m  and e g g s  s u p p ly  n o n e  o f  t h e  v i t a m in  and m ilk
|
v e r y  l i t t l e .  !
j
The v i t a m in  i s  w a te r  s o l u b l e ,  l a b i l e  and  d e s t r o y e d  
b y  o x i d a t i o n  e s p e c i a l l y  h e a t i n g  i n  t h e  p r e s e n c e  o f  
o x y g e n , th o u g h  h e a t  i t s e l f  h a s  n o  d e t r i m e n t a l  e f f e c t .  I 
I t  i s  a l s o  d e s t r o y e d  b y  s o d a ,  b i c a r b o n a t e  and  c i t r a t e  ' 
s o  t h a t  i t  w ou ld  a p p e a r  t h a t  c o o k in g  m ig h t b e  v e r y  
d e t r i m e n t a l  t o  t h e  v i t a m i n .  R e c e n t w ork  b y  McCanoe 
h o w ev er h a s  show n t h a t  th e  d a n g e r  i s  n o t  a s  g r e a t  a s  
f o r m e r ly  b e l i e v e d .
The m o d em  m eth o d s o f  c a n n in g  and  r a p i d  c h i l l i n g  
d o  n o t  d e s t r o y  th e  v i t a m i n .
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